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EDITORIAL NOTES. 


The Institution in Belfast. 


Last week the weather was kind. All the officials of 
Belfast with whom one came into contact appeared to have 
only one mission in life, and that was to be kind to the 
strangers within their gates, and to make them feel welcome 
and completely at home in the far-famed capital of Northern 
Ireland. The President of the Institution (Mr. James D. 
Smith, M.Inst.C.E.) was supremely happy in that eveats 
had allowed the members to hold their annual meeting in 
the city in which his popularity is as real as the benefit 
which he confers by the efficient discharge of his duties as 
Gas Engineer and Manager. His delight was certainly 
shared. The members were as happy to be there in large 
number, as the President was to entertain them. Many of 
those who had part in the meeting had not had that pleasure 
on previous occasions when the old Institute visited the 
city. There were, however, some of the senior members 
who had been before. And they were aware that, when the 
chief civic representatives said to the Institution “‘ Come,” 
there was in the invitation nothing pro forma, but a sincere 





reality, warm-heartedness, and generosity. What they knew 


from experience was materialized in the event. Not only 
the President, and his gracious, painstaking, and—particu- 
larly, be it said, to the ladies—considerate wife, but the 
Lord Mayor (Alderman W. J. Turner, J.P.), the members 
of the Gas Committee (unfortunately the Chairman, Mr. 
Councillor Frank Workman, D.L., was not present), and 
the members of the President’s staff, all set themselves to 


do everything possible for the enjoyment of the visitors. | than here to say that the programme of research work is 


No little detail was overlooked; no little attention was 
wanting. So the reception by the Lord Mayor and Lady 
Mayoress, the luncheon at the City Hall by invitation of 
the Chairman of the Gas Committee, and the visits that 
had been planned for the delectation of the visitors, were 
each and all of a character that will have an abiding place 
in memory. 

The authorities of Belfast give a very big meaning to the 
word “ hospitality.”” But that word, and the obvious large- 
heartedness of the hosts, could not prevent another impres- 
sion. It was that those whom. Mr. Smith serves, and with 
such pronounced ability and success, were honoured in the 
knowledge that their chief gas official was the elected head 


for the year of the whole of the British gas profession; and | from Leeds; the reports presented on this occasion were no 


the occasion of the annual meeting was one on which they 
could in special manner testify to the esteem in which they 
held him both as a man and as a loyal official. Their 
testimony was royally shown. No man appreciated this 
more than Mr. Smith himself; and other men could not have 
enjoyed it more than those who last week were fortunate 
enough to be the guests of the city. Those who were in- 
cluded in the invitation, but were unfortunate enough not to 
be able to be present, missed much—from the hearty wel- 
come by the Lord Mayor on Tuesday morning to the con- 
cluding visit on Friday to that renowned piece of Nature's 
picturesque work—the Giant’s Causeway. 

Belfast is noted not only for beautiful surroundings and 
large-hearted men, but for its shipbuilding, linen, and other 
industries. It contains interest for all, whatever the bent 
of mind, or individual interests. Engineers especially can 

nd much there to claim their attention and investigation ; 
and the gas-works are no exception. These were visited. 








The President’s Address prepared the members for what 
was to be seen there; and they found abundant evidence of 
the engineer whose first duty it is to make the most of asite, 
and to obtain the utmost in result from the structural work 
that issues from his plans. An engineer’s work does not 
begin and end in impressive buildings and plant; the 
President’s ideas of duty and practices comprehend the re- 
sults that are to be obtained from a given area and expendi- 
ture on plant, materials, and labour. And the study of his 
duties from the alpha to the omega has, with the encourage- 
ment of a Committee possessing discerning administrative 
capacity, placed the affairs of the Belfast Corporation Gas 
Department—having regard to geographical conditions and 
local opportunities—in a position that compares with the 
best anywhere. Of course, at the works the central features 
of interest were the Glover- West continuous vertical retorts 
(which saved the city from a new site and the construction 
of complete new works), and the 7 million c.ft. spiral-guided 
holder which is being built by Messrs. R. & J. Dempster, 
Ltd. That holder is a structure which will for long have 
interest for the whole of the gas-engineering world. 

But the successes of the week in respect of the enjoyment 
and interest to which we have alluded, also accompanied 
the technical proceedings. They were all that could be de- 
sired. There was something in them for every member; 
and many of the members were interested in every item— 
from the Presidential Address, through the reports, the 
evening lecture, and the papers. The subjects ranged from 
the’ highly scientific down to the affairs of daily practical 
management. We shall be writing in a succeeding article 
regarding certain impressions induced by the technical pro- 
ceedings. But perhaps no more fitting place will be found 


extending at the Leeds University. Prof. J. W. Cobb indi- 
cated this in a letter which was read at the meeting. The 
Sir Corbet Woodall memorial experimental gas plant is 
almost ready for introduction to an active life of revelation ; 
and this is going to enable Prof. Cobb to start its work on 
a subject that for some years past he has desired to explore 
—that is, to carry through a slow fractional carbonization 
of coal on a scale bigger than that of the laboratory—tem- 
peratures being raised very gradually with the minimum of 
cracking effect, and the products subjected to examination. 
The Gas Investigation Committee have warmly approved 
of this research ; and it should yield very valuable informa- 
tion. There is a constant flow of “ valuable information ” 


exception to what has become the rule. The same may be 


| said of the papers that were submitted—there was value in 


them all. 


One or two personal matters of exceptional interest 
deserve mention. The choice of Mr. Doig Gibb for the 
honour of being enrolled among the recipients of the much- 
coveted Birmingham Medal was manifestly a very popular 
one. The President’s remarks in making the presentation 
were only the expression of a very general feeling. “ Well 
done” was in the air, and on every member's lips. The 
Medal can be, and will be, treasured by Mr. Gibb as the 
symbol of the respect of his professional colleagues, and of a 
unanimous acknowledgment of work done during the years 
that will be memorable throughout our lives, and will live 
for ever in history. As the recipient will treasure it, so will 
his family. The reference to personal matters bids us look 
forward. The self-sacrificing work of Mr. Smith for the 
Institution during his year of office—work which frequently 
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made him cover the distance between Belfast and London 
—has come to an end, though not the retiring President's 
interest, and his service as and when wanted. Mr. Samuel 
Tagg, of Preston, succeeds to the Chair. “ He is another 
worker, and a thinker, with the power of good discernment. 
Again the members have put into the presidency one who, 
it is safe to say, will do honour to the position and to the 
duties devolving upon him. The elevation of Mr. Tagg 
raises Mr. James Paterson, M.A., to the Senior Vice-Presi- 
dency ; and the vacancy in the Junior Vice-Presidency has 
been filled by the election of that indefatigable worker in the 
interests of the industry—Mr. J. Ferguson Bell. We con- 
gtatulate these gentlemen on their promotion at the hands, 
and by the desire, of their colleagues. They have all won 
the distinctions. Yet one more acknowledgment of good 
work. The Council unanimously recommended, and the 
members cordially approved, the election of Mr. B. R. Par- 
kinson as an Honorary Member of the Institution. Of this 
appreciation of his scientific work, Mr. Parkinson is dis- 
tinctly proud. 

While we dwell with gratification upon the success of the 
recent meeting and the work of the past year, we look with 
equal satisfaction upon the indications which give us confi- 


dence as to an equal success attending the work that lies 
ahead. 


The President on Development. 


Some of the developments that have taken place in the gas 
industry during the past few years have been of considerable 
economic value. This value we sometimes think—judging 
from the light way in which the developments are spoken of 
—is somewhat under-estimated in various quarters. But we 
say deliberately that, had it not been for them, the industry 
would have felt, with far greater severity than it has done, 
the economic changes which have taken place since 1914. 
But among the men who do not belittle the worth of them is 
the President. His address shows that he is full of ap- 
preciation of them—and not only on account of their help- 
ful influence upon the internal operations of gas undertak- 
ings, but because of the additional ability which they 
confer upon gas suppliers to meet the trend of changes in the 
ideas and requirements of the people. The administration 
of the Belfast Corporation Gas Undertaking ‘can be held 
up as an example to other local authority concerns; and no 
small part of this has been due to the fact that the Corpora- 
tion have been discriminating in the selection of those who 
have been the technical advisers and managers of their gas- 
trading interests. The satisfaction of the needs of the public 
for a supply of gas at a reasonable price has ever been part 
of the gas policy of the city; and even in these days, 
Belfast can claim a front-rank place in lowness of charge. 
The rendering to the community of service by a municipal 
trading undertaking at the lowest possible price shows good 
administration. The price to-day in Belfast, we see from 
the address, is for lighting purposes 2s. 8d. per 1000 c.ft. of 
460 B.Th.U. gas, which is about 7d. per therm; for power 
and industrial purposes, 2s. 4d. per 1000 c.ft., or about 6d. 
per therm; and for every penny put into a slot meter, 
28 c.ft. of gas are supplied, which is approximately equal to 
8d. per therm. In other words, the slot-meter consumer 
gets for a penny a value in potential heat to the amount of 
12,880 B.Th.U., which is equal to that of 3°76 units of elec- 
tricity. This isan excellent condition of affairs. And in the 
past the consumers could have been still better treated had 
not a sum of £482,446 been utilized from gas profits for 
the general purposes fund, the new City Hall, the Parks 
Committee, the Library Committee, and the Electric Com- 
mittee. That is the only blot upon the Corporation adminis- 
tration of the undertaking of which we are aware. But let 
bygones be bygones. The President says that in recent 
years there has been no contribution to the rates; and he hopes 
in which hope we share—that the old practice will never be 
reimposed. But there is still the obligation to meet £11,500 
annual interest on and redemption of the City Hall Fund. 
This, again, is not fair—it is not an encouragement to the 
Gas Committee and their Engineer. Buf they cheerfully 
work on under the impost; and the result of their combined 
administrative, technical, and commercial ability, finds ex- 
pression in the charges for gas to-day. 

These charges, however, would have been impossible in 
these times had the old order of things in respect of gas 
manufacture continued. The developments that the Presi- 
dent has brought to pass, by the aid and endorsement of his 








Committee, in plant and process, have realized consider: 
able “economies, and have enabled this to be done. The 
change which has come about is expressed in three quantities 
in three lines extracted from the address: “ Despite the fact 
“that since 1910 the make of gas has increased from 
“ 11,440 to 16,110 c.ft. per ton, our coke and breeze for sale 
“has averaged 11 cwt. per ton of coal carbonized ’—and 
this from unscreened coals carbonized in the Glover-West 
vertical retorts, whereas in the horizontals the best hand- 
picked coals were used. - There are two interesting points 
about this. We hear a great deal regarding the limitations 
of. continuous vertical retorts in respect of the coals they 
can carbonize. The main supplies of gas coal for Belfast 
come from Lancashire, Yorkshire, and North Wales; but 
the vertical retorts have enabled the President to use coal 
from Scotland, Cumberland, and Northumberland. During 
the 1921 strike, too, American, Canadian, Saar Valley, and 
other German Reparation and Belgian coals were success: 
fully carbonized. That is one point; and it is valuable 
testimony as to the continuous vertical-retort system not 
being tied to coal of definite physical characteristics for the 
realization of high results. The other point is how develop- 
ments in carbonizing plant have delivered many an old gas- 
works site from the charge of inadequacy, and has enabled 


enlarged production to be effected without the necessity of 


having to indulge in a considerable capital expenditure on 
a new site and complete new works. The experience has 
been passed through in Belfast. When Mr. Smith arrived 
in the city to take up his official duties in 1910, he found a 
violent controversy being waged regarding the purchase of a 
site on which it was proposed to build new works. This led 
him at once to study what the modern developments in gas 
manufacture would enable him to do on the old site; and 
this solved the vexed problem. His decision was that con- 
tinuous vertical retorts would enable him to construct a 
plant which would suffice for twenty years. The scheme of 
1g1o provided for the building successively of four vertical- 
retort installations, each of a capacity of 4 million c.ft. per 
day, which, with a 6} million c.ft. water-gas plant, would 
provide a total daily capacity of 22} million c.ft. So far, 
the vertical-retort installations are equal to 8 million c.ft. ; 
and the carburetted water-gas plant to 6} millions. It is 
worthy of note that, during the eleven years’ life of the first 
installation, the retorts have been re-set only once. Here 
we have another instance of development in the system 
itself. The President emphasizes this when he says that 
by the reconstruction on improved lines of the original 2} 
million installation of vertical retorts, its capacity will be 
approximately doubled, without any addition to the retort- 
house building, without any increase of coal and coke hand- 
ling plant, and without any addition to labour costs. One 
cannot contemplate such testimony as Belfast furnishes in 
this regard, and yet be oblivious to the stronger economic 
state in which modern progress in the efficiency of gas- 
manufacturing plant has placed the industry. Now these 
developments have had this remarkable effect—that the 
twenty years’ forecast in 1910 of adequacy of the existing 
site for gas-manufacturing purposes has been extended to 
thirty-five or forty years from that year, notwithstanding 
that previously a new site was contemplated. Furthermore, 
the carbonizing wages per unit of gas production will be 
much reduced. We do not think the descriptive term 
“ remarkable” is any too strong. 

Emphatic as the President is in his praise of continuous 
vertical-retorts, and of what the system has accomplished for 
Belfast, he, like many more of us, is not by any means pre- 
pared to say that it represents finality in gas manufacturing 
economy. The developments that have taken place cause 
us to endeavour to project our minds wonderingly into the 
future. We try to visualize what is coming. We see 
various types of plant—some embodying complete gasifica- 
tion in a single structure; some in which the carbonizing 
process is carried out in one unit, and the gasification of the 
resulting coke in another, and yet the two have unity—in 
that the products from the latter are utilized for heating the 
retorts in which carbonization is effected. The President 
pictures in his mind an installation in which “a system of 
conveyors will elevate coal to the vertical retorts, and, in 
the one line, will receive the residual coke and convey and 
elevate it to bunkers arranged above water-gas generators. 
This would be total gasification in a well-known and prac- 
tical shape ; and gas could be provided at such a low cost 
that it could be offered as the universal fuel, with the com- 
plete solution of the smoke problem.” Perhaps we might 
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contemplate something beyond what the President has in 
view. A sysiem might be developed such as is in use at 
Brentford, whereby, instead of the coke being transferred 
to bunkers to await gasification, it would be transferred 
in the incandescent state direct into generators, and so 
economize heat, with possibly, by the use of,oxygen-steam 
(when oxygen can be obtained at a cheap enough rate), 
the conservation of heat now lost in the blow of a 
water-gas plant, and with a large reduction of inerts com- 
pared with the percentage present in the gas produced by 
certain complete gasification plants. The future is full of 
possibilities. The character of the plant which will be most 
approved in the time to come is a matter upon which pre- 
diction will not avail us in the presence of the differences in 
the development work now proceeding. 

Other structural changes have been made on the works. 
But we will leave them, and will refer to a step the President 
has taken in connection with gasholder construction. In gas- 
holder building, the names of gas engineers are associated 
with stages of magnitude, which have resulted in monetary 
economies per unit of capacity. Though engineers have made 
themselves responsible for holders of other types and of 
larger capacity, and have been fully justified in the result, 
Mr. Smith’s name will be identified with the stride he has 
taken in constructing a holder of 7 million c.ft. capacity of 
the spiral-guided type. In 1911-12, the President was re- 
sponsible for one of 3 million c.ft. capacity ; and he has had 
twenty-five years’ experience of the spiral-guided principle. 
He has, therefore, a large base for the confidence that he has 
in holders of thistype. In his address he supplied details of 
the general features of the holder, and emphasized certain 
points of novelty, both in design and methods of construc- 
tion. The view was expressed by him that the construction 
of the holder would be of more than passing interest to the 
gas industry. That was modestly put, as was attested by 
the impressive interest evinced on the occasion of the visit 
to the works by the members of the Institution last week. 
That interest will live. 

However, let us revert for a moment to the current of the 
President’s thoughts on the subject of gas-manufacturing 
developments, and their marked economies. As we have 
said, these economies are of the utmost importance to gas 
undertakings and their customers—especially when viewed in 
the light of the repressive influences on the costs of materials 
and labour that have thrust themselves into our operations 
during the past nine years. Our higher efficiencies have 
been largely our salvation; and so to-day where those higher 

efficiencies have been brought into effective operation, the 
relation of the cost of gas to the modern costs of competing 
agents stands—cannot we say ?—as well as, and in some 
cases even better than, before the war. The President, as 
already noted, mentioned the prospect of gas becoming the 
complete solution of the smoke problem. That is another 
development. It is a development in the improvement of 
life that is well-established, though progress is still only in 
the incipient stage. The field is large. The millions of 
millions of tons of coal burned in factories and on domestic 
hearths constitute something worthy of our greatest ideals 
and efforts. The President truly says we must rely upon 
the education of the public, and that we of the gas industry 
“ must get it into people’s heads” that we have “ the solu- 
“ tion of the problem; that we have an alternative to offer 
“to smoke-producing fuels—a fuel equally cheap, much 
‘* more convenient, and much more efficient, in the shape of 
“ gas.” In this there is important work for the industry. 

The recent newspaper agitation, and the education of the 
gas engineer, were other themes upon which the President 
passed comment, with which there was at the meeting, and 
will be by readers, complete agreement. And a highly prac- 
tical address, constituted of the thoughts, practices, and 
experiences of a true engineer, ended with that strength of 


belief with which we are wont to associate the President. . 


“ Gentlemen, there is no need to fear for the future of our 
“ great industry. We have in our hands, to offer to man- 
“ kind, the only practicable solution of the great problem of 
“ the supply of fuel, potential energy in its most convenient 
“and economical form, of utilizing to the full our great 
“national asset, our coal supplies. There is no 
“ reason whatever to doubt that we shall rise to such occa- 
‘* sions as present themselves of proving that in gas lies the 
“ solution of the fuel problem, the economic problem, the 
“smoke problem, and the health problem, particularly in 
*‘ our great cities.” The applause at the close of the ad- 
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Reflections Induced by Reports and Papers. 


THE reports and papers presented to the meeting covered a 
considerable amount of ground. There is one outstanding 
feature in them ;, and it is that in all our operations in the 
gas industry we are getting vastly more scientific. This 
is an excellent phase of our latter-day working life. The 
excellence of it is being revealed, and has come, and is still 
coming, to us in the material forms of greater economy and 
higher efficiency. We are doing so much better to-day than 
when groping along (so to speak) in the dark, knowing 
simply by long experience that, by keeping to more or less 
crudely defined ruts in procedure, certain results would be 
approximately attained. But comparatively with to-day 
what poor results they were, and what waste they dis- 
close! We have been shown the inefficiency and un- 
economy in all their nakedness; knowledge has been gained 
as to the why and the wherefor of those low results; 
and knowledge has been obtained as to how to improve 
them. Improvement has come, and to the great advantage 
of the industry, and the multitude whom it serves. There 
has been the same progress of knowledge and reform through 
manufacture, distribution, and utilization—a progress in the 
three respects that, within the memories of many of us, had 
not been considered as having even a shadowy place among 
the possibilities. But our belief in the potentialities of the 
industry has, under the influence of the successes of the 
immediate past, grown to such an enormous extent that we 
are looking for greater things to accrue from research ; and 
there is no thought to-day of attempting to define the limita- 
tions of what may be. Unknown is the future of our work 
in respect of new discovery or progress from the existing 
stage of achievement. There can only be some sort of vague 
judgment from the indications of the present; but there is 
satisfaction from what is seen that we are a long way from 
finality in our achievements. 

The progress to the present, and the belief in a greater 
future, are the incentives to the continuation of the appli- 
cation of all the scientific aids that are available, and all the 
scientific commercial methods that present themselves, 
to carry us further and to hasten our steps in both the 
technical and the trading parts of our operations. Even 
the men who are to be the. future holders of official posts 
in the gas industry are, by those now in such positions, 
having the means provided for attaining a higher level of 
education and training in the things that are fundamental 
to.the bigger responsibilities that will come upon them; 
and the appreciation that in latter years their predecessors 
have shown in bringing science to their aid to realize the 
material fruits of knowledge regarding their processes will 
with these successors become an inseparable part, through 
that more comprehensive education and training. They 
will look upon the service of science as something 
which they cannot do without—not only with the object of 
securing further advances, but of protecting and maintain- 
ing the new standards that have been realized in the 
efficiencies of manufacture, distribution, and utilization. 
Moreover, there are matters that are now dealt with in 
technical discussion—may we instance the valuable paper 
on “ The Flow of Gas in Pipes,” by Mr. Stephen Lacey, 
and the lecture on the same subject by Prof. W. B. Morton 
—that are vague to many of our practically skilled en- 
gineers and managers in the industry. They admit it. 
Their training was in other days. It is not their fault; it 
is the fault of their earlier times, and the indifference te 
the science of its work that was then upon the industry, 
and which induced the comfortable belief that the ulti- 
mate in technical efficiency had been reached, and that all 
was safe. Nevertheless, they, like all in the old industry, 
are now looking to the future with quickened interest. 
They are proud of its progress; they want to see the pro- 
gress maintained, despite the competition of the coal, elec- 
tricity, and oil industries forthe greater patronage of the 
public. They desire to see crudeness displaced by the effi- 
ciency that the gas industry, by raising its own status in 
that respect, can offer to the public. We are glad to see 
very definite signs of this. They cannot be mistaken. 
They find their expression in effort in many places where at 
one time the programme of one day was the programme of 
the next, and work generally proceeded, year in, year out, 
along a well-known path of routine. A vast change has 
established itself; and there will be no going back. The 
desire is to advance. 





dress was, by it, abundantly justified. 


There are other matters of which the industry has cause 
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to be proud. First it is seen that many men within it find 
in its activities and the new light that has been thrown 
upon processes and applications, a large inducement to 
prosecute investigation on their own account. This is all 
to the good. Apart from the results, it enables more 
effective appreciation or criticism to be made of the work 
and results of those who spend their lives in this direction ; 
and it does something more—it gives a better junction to, 
and an easier flow between, the scientific and the practical 
sides of the industry. Then, in the second place, the ex- 
tensive scope of the industry invites men who are not 
directly associated with it, but have cognate interests, to 
concern themselves in its processes in one direction or 
another—not always with happy results, though cases are not 
difficult to find where a germ of suggestion has been dis- 
covered in what they have done, which has led to develop- 
ment within the industry itself. In the third place, definite 
research association is developing. There is the ever- 
expanding work at the Leeds University carried on under 
the direction and supervision of the indefatigable occupant 
of the Livesey Chair (Prof. J. W. Cobb); there is the work 
of the Board of Fuel Research; investigation which has an 
important bearing in various respects upon the interests of 
the industry has been proceeding at the Imperial College of 
Science, particularly on ‘“‘Gaseous Combustion at High 
Pressures’; and it is hoped that the explorations of the 
Refractories Materials Association will be energized now 
that they have obtained better financial support. But the 
largest interest for the industry in this connection is centred 
in the Leeds University. There is such a thing as efficiency 
in research; and efficiency grows with the increasing know- 
ledge of those carrying on the explorations, and with the 
improvement of facilities for thé work. Without sufficient 
facilities, the best of heads directing and supervising research 
cannot give to it that finish which is desirable. The facili- 
ties of the Coal Gas and Fuel Department at Leeds have 
been valuably enlarged—particularly through the gas plant, 
specially designed for research, that has been erected as a 
memorial to Sir Corbet Woodall. Besides this, the Bir- 
mingham and the Leeds Corporation Gas Departments 
have placed facilities of great worth at the disposal of the 
Gas Investigation Committee of the Institution. Co-opera- 
tion in these matters, in one form or another, has great 
value. But also of considerable value is the fact that the 
men who carry on the research work have been daily be- 
coming more and more educated in the practical operations 
and needs of the industry; and this, too, is of inestimable 
value. We see this year after year in the character of their 
work. There is in it a better blending of science and prac- 
tice. So much so is this apparent, that we think it a great 
pity the research services of the principal men should 


at any time be lost to the industry. The more continuous’ 


those services are, the more the men get to know the require- 
ments of the industry. So the more efficient they become 
in their work, and more capable of directing it along those 
courses which hold out the prospect of the greatest advan- 
tage in result. This being so, we should like, if it were pos- 
sible, to see those who have obtained through research so 
much experience of the processes of the industry attached 
permanently to its interests. 

These reflections are the result of reading the reports 
and papers presented to the meeting in Belfast last week. 
We do not intend here to make specific reference to their 
contents. The salient features are presented in the ‘‘ Review 
of the Proceedings” which precedes the “General Report.” 
But as we said in the opening of this article, the reports and 
papers cover a considerable amount of ground. The deve- 
lopment in our carbonizing practices which, as the Presi- 
dent showed, possesses manifold benefit for the industry, is 
reflected further in the investigation of the efficiencies of the 
blue water-gas process which the Gas Investigation Com- 
mittee have been making, with Dr. A. Parker as the Re- 
search Chemist. In this it is seen that, with an efficiency of 
gas production, with steam generated externally to the plant, 
the efficiency is only 46 p.ct., but that, using a waste-heat 
boiler for steam-raising for the generator and turbo-blower, 
the thermal efficiency of gas production is increased to 
56 p.ct., and even up to 60°4 p.ct. under the conditions de- 
scribed. Aspirations are causing the search for improve- 
ment beyond this by fundamental changes in gas produc- 
tion. Another instructive feature of the report is the in- 
vestigation into the effects of varying depths of fuel bed in 
the generator ; and the results show that the best efficiencies 
are not obtainable with shallow beds. Again, knowledge 





has been extended by the research that has been made‘ by 
Mr. Stuart Pexton, M.Sc., and Prof. Cobb on the subject 
of the gasification of coke in steam, with special reference to 
nitrogen and sulphur. This work supplies us with infor- 
mation as to the comparative rates of gasification of cokes, 
which, so far gs is known, has not been provided before, 
and is certainly wanted. The research has also made it 
plain that, by the use of steam, considerable nitrogen is re- 
coverable as ammonia from soft and medium cokes without 
burning-up the corresponding percentage of fixed carbon, but 
not from very hard coke. The position with sulphur is seen 
to be somewhat, but not quite, similar. Then we have Mr. 
George Braidwood, of Coatbridge, showing how, from his 
vertical retorts, he secures an average of 46 lbs. of sulphate 
of ammonia, steaming up to 40 p.ct. of the weight of the coal 
carbonized. When the steam was reduced to one-half that 
percentage, the yield of sulphate fell to 39°52 lbs. It may 
well be imagined that Mr. Braidwood gets an excessive 
quantity of water in his tar and liquor well. 

So we go on with knowledge and efficiencies increasing 
on all hands through research and practical experimental 
work. Further illustration is found in the reports of the 
Gas Investigation Committee on the Fairweather Calori- 
meter, and on aeration in atmospheric burners, which work 
has been in the capable hands of Mr. James W. Wood. 
One thing the report makes clear is that very much more 
evidence must be collected before our knowledge of aeration 
can be considered to be at all satisfactory. The Refrac- 
tories Materials Committee, too, have shown that there 
must be a care in selecting the constituents of the jointing 
material used for silica refractories. On this occasion, we 
bade “ farewell’’ to the Life of Gas- Meters Joint Committee of 
the Institution and the Society of British Gas Industries. 
Excellent work has been accomplished by the Committee 
during their existence; and much of this is due to the 
energy and interest of Mr. J. G. Taplay, who undertook so 
much of the chemical and experimental work. We should 
not forget to mention the valuable collaboration he has had 
from Mr. B. R. Parkinson. The science of the flow of gas 
in pipes is exemplified by the paper which was read by 
Mr. Lacey, and the lecture by Prof. Morton. But these, 
as well as the admirable contribution of Mr. A. M‘I. Cle- 
land, on gas distribution in Belfast (in which there were 
many practical features), we can only mention in this article 
as additional examples of that advancing knowledge which 
is enabling the industry to do things better than they were 
ever done before. And this is in large part due to the in- 
vestigation and study which have raised the efficiencies of 
processes and means of utilization, and have enabled us to 
look beyond the present and into the future with a strength- 
ened faith as to the part the industry is destined to play in 
our social and industrial life. 
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Gas Workers’ Sliding-Scale Agreement. 


The sliding-scale agreement in the gas industry was subject 
to considerable discussion at a recent meeting of the National 
Joint Industrial Council for the Gas Industry. Another reduction 
of 4d. per hour, plus the 12} p.ct. thereon, would be due, under 
the existing agreement, for removal from July 1. The repre- 
sentatives of the workers urged that no further reductions should 
be effected ; but this is asking a great deal. The result of the 
deliberation was that they showed they were not averse to a 
bargain ; and, therefore, something in the nature of a compromise 
was made. The reduction due on July 1 is not to come into opera- 
tion before Sept. 1 next; and after this, wages are to remain un- 
altered until April 1 next year. On theother hand, no noticeis to 
be given by either side to terminate the agreement, until Jan. 1 
next, when either party may give three months’ notice. In the 
interval, a Joint Committee is to be appointed to discuss the ques- 
tion of the sliding-scale, or some other new arrangement, whereby 
the wages of the workers will be regulated as from April 1 next. 
In view of this, comment is undesirable, 


Gas Referees’ Notification. 


The Gas Referees have issued their ‘General Notification.” 
This is its first publication under the Gas Regulation Act; and 
therefore it will, in time, apply to all gas undertakings that come 
under the provisions of the Act. It may be useful to mention that 
copies may be obtained from H.M. Stationery Office, at Imperial 
House, Kingsway, W.C. 2, or at any of the other offices. We 
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shall review the provisions of the document in an early issue of the 
‘‘ JouRNAL.” Meanwhile, itfmay be said that in the directions for 
carrying out tests of calorific power, there are not a great many 
alterations from the one last issued by the Gas Referees when 
their jurisdiction only extended to the Metropolitan Gas Com- 
panies. As to the pressure-testing arrangements, it will be re- 
membered that on Jan. 24 last (p. 195) we published, as typical, 
the pressure-testing conditions issued by the Referees for the 
Aldershot Gas, Water, and District Lighting Company. In the 
new “ Notification,” there are no considerable changes from that 
prescription. 


Prices of Sulphate of Ammonia. 

Our agriculturists ought not to find any occasion for grum- 
bling over the price of sulphate of ammonia—be it marked for 
home use only—for the months of July and August. It is down 
to £14 15s. per ton for neutral quality, in fine friable condition, on 
the basis of 253 p.ct. ammonia. The British Sulphate of Am- 
monia Federation, Ltd., are dealing considerately with British 
farmers. Taking into account the higher content of nitrogen, the 
greatly improved mechanical condition, and the inclusion of 
delivery charges, the price is now below pre-war figures; and, it is 
believed, lower than the prices of all other forms of nitrogen. 
Now that the production of neutral sulphate of ammonia has in- 
creased, it is expected that the bulk of the deliveries will hence- 
forward be of neutral quality. : 


PERSONAL. 


When the business connected with the Cheadle gas undertaking 
came up at a meeting of the Rural Council last week, it was re- 
solved that Mr. R. H.Ginman, of Leek, be retained as Consulting 
Engineer, and Mr. F. T. CaLLant as Manager—to be responsible 
to the Gas Committee, but to work in conjunction with the 
Consulting Engineer. 


We are extremely pleased to learn that the abilities of Mr. 
STEPHEN Lacey, B.Sc., Assoc.M.Inst.C.E., have been further 
recognized by the Board of the Gas Light and Coke Company. 
From Monday last, he has been appointed Deputy Controller of 
the Sales Department of the Company, the Chief Controller of 
which is, as is well-known througbout the industry, Mr. F. W. 
Goodenough. Mr. Lacey will, owing to this appointment, occupy 
a dual position, in view of the fact that he will continue to fill the 
office of Chief Distributing Engineer, for which duties his contri- 
bution last week to the proceedings of the Institution of Gas 
Engineers shows (as well as his previous work) that he is emin- 
ently qualified. In the position of Deputy Controller of the 
Sales Department, Mr. Lacey succeeds Mr. Thomas Vaughan 
Fenn, who has been Deputy Controller for twenty years, and who 
is now retiring after upwards of fifty years’ service in the Com- 
pany. The retirement is well earned; and we wish Mr. Fenn 
every happiness in the days to come. 


NATIONAL PHYSICAL LABORATORY. 














Annual Inspection. 

There was a large attendance of visitors at the National 
Physical Laboratory at Teddington, on Tuesday of last week, 
when the General Board made their annual inspection of the 
laboratory. The visitors were received by the Chairman of the 
Board, Sir Charles Sherrington, C.B.E., D.Sc., and the Director 
of the Laboratory, Sir Joseph Petavel, K.B.E., D.Sc. 

A number of additions has been made to the equipment of 
the laboratory since last year’s inspection; the most noteworthy 
being the diffraction grating ruling engine, which was constructed 
by the late Lord Blythswood, and has been presented to the 
laboratory by his widow. It rules 14.400 lines to the inch, and 
is an invaluable instrument for preparing gratings for analyzing 
the components of light. There have also been some useful 
additions to the measuring machines and standard comparators 
possessed by the Metrology Department. There does not appear 
to be much new apparatus in the Photometry Division; but there 
has been steady development in the work done on the measure- 
ment of the distribution of light, testing the life-of lamps, &c. 
This division must be of special interest to the present Director 
of the Laboratory, in view of his classical investigation of the 
Violle and other platinum standards of light. The immediate 
responsibility for the work done in this division rests with Mr. 
J. W. T. Walsh, M.A., who is the Assistant Secretary of the 
International Commission on Illumination. 

The plant for the investigation of bituminous and other road 
materials does not seem to have been very actively employed 
recently. The large Ransome plant for mixing tarred and other 
bituminous macadam, which had just been erected at the time of 
last year’s inspection of the laboratory, really appears rather 
out of place among its present surroundings, where there are no 
facilities for handling materials at its normal working capacity of 
about 6 tons per hour. It could be used to better advantage for 






investigations if it were removed to one of the depdts which 
several county and borough conncils possess for preparing tarred 
stone. There would be no difficulty in handling the materials in 
such conditions, and disposing of the output and subjecting it to 
practical trials. The plant should, of course, be in charge of a 
properly-trained observer, who might advantageously be attached 
to the Roads Department of the Ministry of Transport, with 
liberty to refer special chemical and physical problems to the 
Government Chemist and the National Physical Laboratory. 
Very little use seems so far to have been made of this large and 
expensive plant during the twelve months which have elapsed 
since it was installed at Teddington, where, speaking generally, 
the unique collection of plant, apparatus, and instruments is util- 
ized very fully, and is directly and indirectly of great service to 
industry. 


DEGREES AND DIPLOMAS AT LEEDS 
UNIVERSITY. 


The following are the names of those who received degrees and 
diplomas at the University of Leeds on Saturday last. 

Doctor oF PuiLosopny.—S. Pexton. 

B.Sc. FuEt anp METALLURGY. — F'rst-Class Honours: A. 
Henderson; Second-Class Honours: E. Carrington. Pass: 
H. T. Angus, C. D. Jennings, C. S. Sivil, R. J. Thomas, and 
J. F. L. Wood. 

B.Sc. Gas ENGINEERING.—Pass: F. Allen, T. B. Glover, R. 
Neumann, H. Robinson, S G. Watson, and S. L. Wright. 

Diptoma Gas ENGINEERING.—A. A. G. Owen and J. A. Scott. 


_ 











GAS-WORKERS’ SLIDING-SCALE AGREEMENT. 


At a meeting of the National Joint Industrial Council for the 
Gas Industry, on June 21, the sliding-scale agreement was con- 
sidered at great length. 


It was agreed that under the existing agreement a reduction of 
3d. per hour, flus the 12} p.ct. thereon, was due to be taken off 
the wages of gas workers as from July r. 

The workers’ representatives contended, on many grounds, 
that no further reduction should be made in the wages of gas 
workers; and, after protracted discussion, the following agreement 
was arrived at : 


(t) That the reduction of $d. per hour, f/us the 124 p.ct. thereon, 
should be put into operation on and from Sept. 1, 1923. 

(2);That the wages of gas workers (after the reduction of 4d. per 
hour, plus the 124 p.ct. thereon, had been made on Sept. 1), 

™ ~~ should remain unaltered until April 1, 1924. 

(3) In the meantime that both sides waive their right to give any 
notice—either three months, one month, or otherwise—to ter- 
minate the agreement, until Jan. 1, 1924, when either party may 
give three months’ notice. 

(4)_In the interval a Joint Committee should be appointed to discuss 
the question of the sliding-scale or some other new arrange- 
ment, whereby wages of gas workers could be regulated as from 
April 1, 1924. 

(5) That a meeting should be held at the end of March to consider 
the application of the sliding-scale or new arrangement agreed 
upon, which should operate on and from April 1, 1924. 


in 





ELECTRICITY SUPPLY MEMORANDA. 


Tue Incorporated Municipal Electrical Association have been 
meeting at Scarborough; and the electrical papers have been re- 
joicing over what took place there. The subjects brought before 
the members ranged from electric cooking 
to electricity generation—the former being 
dealt with in a general discourse on the 
domestic load by the President (Lieut.- 
Col. W. A. Vignoles). For the past two or three decades, the 
electricity industry has been talking of domestic electrification ; 
they are still talking, and in the same strain, as to what should 
be done to promote it. But the fact that the President gave pre- 
cedence to the subject, and that the papers read went backwards 
through selling apparatus, then distribution, and ended in genera- 
tion, instead of being taken in the reverse order, is regarded by 
the “ Electrical Review ” as being significant of the new state of 
things that obtains nowadays in the conduct of a progressive 
electricity undertaking. In other words, it shows that the pro- 
gressive engineer and manager of an electricity undertaking thinks 
first of the consumer, and concentrates attention on him, his 
needs, and his relative ignorance. That is particularly kind of 
the electrical engineer and manager. He does not do it out of 
any great affection for the consumer; there is a great deal of self- 
interest in his new attentions. He does it because lighting and 
power business is more difficult to get to-day than was formerly 
the case, and the uses other than for lighting would materially 
help the day load. But he finds householders hard to trap for 
domestic electrification. Of course, it is quite easy to attribute 
this to ignorance; it may be due to a pardonable cuteness. The 
public are charged with being ignorant as to the advantages 





is the Public 
Ignorant ? 





of electricity, and that they require to be taught. How is it they 
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are so “ignorant” on this particular subject? We do not really 
believe they are. They have taken quickly enough to the taxi- 
cab, the motor bus, the motor car, the tubes, and other modern 
conveniences for travelling; and no one can accuse them of being 
ignorant as to their utility compared with the old horse-drawn 
methods. Then look at gas-cookers, and the millions there are in 
use to-day. We heard of electric-cookers almost at the same time 
that the gas.cooker made a really good start; but the latter has got 
miles ahead of theelectrical pretender. Gas-cookers are counted 
in thousands, where electric-cookers are counted in ones. Then 
there are gas-fires. Why have the public not taken to electric- 
heaters in the same manner that they have done gas-fires? The 
fact is the public are not soignorant as the “ Review” apparently 
imagines they are. Anyway,they appear to possess the power of 
discrimination ; and they are apparently pretty good judges as to 
which of two media best serves their convenience and pockets. 
We feel quite a flow of respect for the intelligence of the public 
as we think over these points. It is admitted that there are many 
things the public do not know even in connection with gas, and 
that they require educating as to them. But that the public are 
capable of exercising good judgment, we think the large adoption 
of gas, and the small adoption of electricity for domestic heating 
purposes of all kinds, is a proof. Notwithstanding this, we have 
seen in print that one disappointed electric writer speaks of the 
public as “ a mass of inertia.” 


However, we agree distinctly that the 
domestic consumer is worth having by 
either gas or electricity. When we think 
of the 38 million tons of coal that are 
to-day burned in the fire-grates of the country, we appreciate the 
tremendous scope there is for activity ; and what a much larger 
one there would have been had gas not come along, and progres- 
sively absorbed coal, for gas, coke, and other secondary products 
production, which had formerly been consumed in the domestic 
grate. The “ Electrical Review” advocates the tempting of the 
public with a low price for energy. But the gas industry has 
accomplished so much by charging for gas for heating on the 
same flat rate as for lighting, and then has beaten the electrical 
competitor. There are electricity undertakings charging a low 
rate for heating which find that this intermittent short-period 
custom does not pay them. It is not an all-the-year-round con- 
sumption, the same as power. The importance of hiring-out is 
also emphasized as “the only” practical and effective means of 
hastening the development of the cooking load. First, price is 
the excuse for the delay in public adoption ; and then, as a second 
string to the bow is always serviceable, the want of hiring-out 
systems is accused of being the drawback. The initial expense is, 
of course, a reason; but there are numerous people who would 
incur this to realize the economies that are attributed to electrical 
operation—if in fact they existed. But experience obtains good 
circulation ; and when householders have heard of some of the 
exploits of the electric-cooker, they smile when they hear the 
glibly-told tale of the electrical canvasser. The claims for gas 
were never based on such vague nonsense as has emanated from 
electrical quarters. Gas suppliers were content to keep within the 
bounds of realizable and appreciated performance, and to charge 
lighting rates for the service. Pursuing this policy, they have 


The Means of 
Development. 








succeeded abundantly; while the “success” of the electric- 
cooker is of a very attenuated order. 


There is business to be done by gas un- 

Electricity Supply by dertakings in making provision for elec- 
Gas Undertakings. tricity supply, by private plants, to large 
premises and to outlying mansions or 


farmhouses—with advantage to themselves and, in the matter of 
price, to the owners or tenants. This subject was mentioned by 
Mr. J. H. Canning, of Newport, at the Wales and. Monmouth- 
shire Institution meeting, as reported last week. The reference 
succeeded one by Mr. W. H. Johns, of Swansea, who has recently 
been advising one or two gas companies, operating not a great 
distance from Swansea, to adopt measures for the supply of elec- 
tricity as well as gas. He was led to allude to the combination 
of the two supplies, by the paper that Mr. J. Mogford presented 
at the previous meeting on “Gas Manufacture in South Wales,” 
and which was down for discussion at this meeting. . Mr. Johns 
has positive views on the subject. He says there is no question 
that a supply of electricity can be given by a combined under- 
taking as cheaply as, if not cheaper than, by an unattached elec- 
trical undertaking. There can be no question about this in cer- 
tain circumstances, though one must not generalize. Anyway, 
the principle of combination is gaining a larger acceptance, even 
where local authorities possess an Order. A case was instanced 
by Mr. Johns in which an Order possessed by a Town Council is 
being transferred to a Gas Company; and the Electricity Com- 
missioners, it appears, are offering no objection to this. Where 


‘public policy dictates desirability, we cannot see that the Com- 


missioners could negative such a proposal. Reverting to Mr. 
Canning’s interesting remarks on the subject of the installation 
of private generating plants, it appears that his Company have 
a number of these in outlying districts supplying houses of con. 
siderable size; and the local electricity suppliers have been can- 
vassing the tenants for their custom. That is the sort of thing 
that Mr. Canning would not allow to pass without investigating 
relative costs, The result of his inquiry is not seg) nae A 
private plant can, and does, easily supply at a figure for all pur- 
poses below the cost at which an electricity supply undertaking, 
with heavy capital and distribution expenses, could profitably 
render the service. Some of the plants to which Mr. Canning 
referred are old; others are more modern. They are of different 
types; but remarkably good results are secured by them. It was 
found that the generating costs run variously from under 2d. to 
about 3d. per unit. Adding capital costs, oil, and the small amount 
of attendance required, the costs come out well under 4d. The 
Corporation were offering to supply at 74d. per unit; and con- 
sidering these are outlying residences, the supply could not very 
well be given at less cost from the district generating station— 
unless it was desired to make a loss on the business. We imagine 
that these private owners of generating plants are getting their 
current considerably cheaper than are the lighting consumers in 
Swansea itself. Anyway, they will not be anxious to pay some- 
one else nearly double the figure at which they are now obtaining 
current. That would not be human nature. Mr. Canning thinks 
there is a considerable field practically undeveloped in this direc- 
tion. Other gas undertakings might have a look round to see 
what they can do in the same line, 
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THE CITY HALL BELFAST. 
JUNE 26, 27, and 28 1923. 





President: JAMES D. SMITH, Esq., M.Inst.C.E. 


REVIEW OF THE PROCEEDINGS. 








(For Full Report see p. 87.) 





Since the final decision to hold the Annual Meeting of the Iustitution in Belfast, certain 
doubts and fears had been expressed in dark places as to the wisdom of that decision; for 
bated breath had whispered of the possible failure of such a venue to draw the numbers 
necessary to make the meeting a success. But doubts were speedily dissipated as, during 
the week-end before last, members arrived singly and in parties, and in many cases 
accompanied by their ladies, from all parts of England and Scotland, and by every route. 
It was generally voted that the organization and arrangements for travel, and the facilities 
offered to all, were much to be commended; and though some wry faces were observed on 
Monday night when the early start from the “out” stations was being discussed, the wryness 
was noticeable by its absence when the hour arrived. The doubts and fears mentioned above 
had regard not only to the distance of Belfast and the sea-crossing entailed, but to the prolonged 
trouble from which our friends in Erin have been suffering; but beyond the businesslike 
appearance of the magnificent Constabulary, a ‘‘ certain liveliness” of smart-looking troops, 
and an occasional police tender in the countryside, one might have forgotten that Ulster had 
had to make a supreme effort to follow the determined wishes of her people. 





é 











-_—— 





THE CITY HALL, BELFAST. 


The City Hall, Belfast, offered better opportunities than , balustrade. At the opening at 10.30, the attendance was not 





most London meeting places for the casual handshakes which 
always take place, and which greatly exercise Mr. Walter 
T. Dunn in getting members into their places for the opening. 
Those who were unfortunate enough not to have been at the 
meeting can see, from the photographs we reproduce, what 
a fine building was placed at the disposal of the Institution. 
The hall under the dome is of particularly beautiful design. 
enhanced by the colour and marking of the marble pillars and 





full,'though eight or ten ladies were there to hear the Presi- 
dent ; but when he rose to deliver his address, the hall was 
well filled. 

Applause"signalized the arrival of the President and the 
Lord Mayor of Belfast (Alderman W. G. Turner, J.P.), who 
extended to the Institution a cordial welcome to Belfast, 
hoping their visit would be enjoyable and profitable. He 
thought Belfast was not as popular as it should be, and that 
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the best way to popularize it was to encourage visitors. 
After a brief acknowledgment by the President, the Lord 
Mayor took his leave, with words of blessing on the confer- 
ence. On or near the platform were the Hon. Secretary 
(Mr. W. E. Price), the Secretary (Mr. Dunn), Mr. Thomas 
Hardie (ex-President), and Mr. Samuel Tagg and Mr. James 
Paterson (Vice-Presidents); and the President was sup- 
ported by Mr. Hugh M‘Laurin, J.P., Vice-Chairman of the 
Gas Committee. 


The Birmingham Medal for Mr. Doig Gibb. 


After extending to Mr. P. C. Holmes Hunt, of Mel- 
bourne, and others from overseas, a hearty welcome, the 
President called upon Mr. W. Doig Gibb, who took a seat 
on the platform amid the cheers of all present. The pre- 
sentation to him of the Birmingham Medal lacked the stiff- 
ness which often mars such a formality; and the warmth 
of the President’s remarks, and the modesty of Mr. Doig 
Gibb’s acknowledgment of the honour, were highly appre- 
ciated. Thereafter, telegrams were read conveying the 
good wishes of the American Gas Association and of the 
Société Technique de I’Industrie du Gaz en France, replies 
to which it was later decided to dispatch. 


The President’s Address. 


It is an old convention, and a good one too, that at the 
annual meetings the members should assemble in full force 
to honour their President at the time of the delivery of his 
address. As we have already noted, there was no exception 
on this occasion ; and the President faced an enthusiastic 
audience, who greeted him with the most cordial applause. 
Reserved in speech, the President has been a hard worker, 
and a worthy counsellor, in all things appertaining to the 
general interests of the great industry with which he has 
had so long and intimate an association. His official work, 
too, has shown him to be a leader of great ability, in both 
the engineering and commercia! affairs of the undertakings 
with the interests of which he has been identified. Beyond 
all this the abundant geniality which has ever characterized 
the President has endeared him to his colleagues in the pro- 
fession. Hence the cordiality of his greeting. 

In our editorial columns this week, we have surveyed and 
commented upon the address; and therefore in this review 
it will be unnecessary to do little more than call attention to 
some of its features. The President did not, on this occa- 
sion, deal with the general political matters of the industry 
other than in respect of one or two points towards the close 
of the address. But to an assemblage of gas engineers, for 





UNDER THE DOME OF THE CITY HALL, BELFAST. 














whom, their undertakings, and those whom they serve, pro- 
gress in engineering work extends economy and efficiency, 
the address is an exemplification of the great advances that 
have been made in the industry. That progress is accen- 
tuated by what has been done in Belfast. 


A Centenary. 


In the forepart of the address, the President gave an 
account of the early history of the gas undertaking, and 
from this it is seen that this year witnesses the centenary 
of gas supply in the city. It is noticed in this account 
that a Mr. Barlow is mentioned as the prime mover in the 
foundation of the concern; and it occurs to us as possible 
that the Mr. Barlow referred to was the Thomas Greaves 
Barlow, Consulting Gas Engineer, who was the founder and 
first editor of the “ JouRNAL” three-quarters of a century 
ago. In 1823, the streets of Belfast were lighted by gas; 
in 1923 they are still entirely lighted by the same means, 
with high-pressure supply in the principal thoroughfares. 


Modern Manufacturing Progress. 


In the next section of the address, the members were 
shown how the continuous vertical system of carbonization 
has marked progress for the gas industry. In the first 
place, the President did much to shatter the criticism that 


has sometimes been passed by users of continuous vertical 
retorts, that they are incapable of dealing with coals of 
greatly varying physical characteristics. It will be seen from 
the address that in retorts of this type he has carbonized 
successfully many kinds of coal—mostly from England, and 
now some from Scotland, and Cumberland, and during the 
coal strike of 1921 from America, Canada, and the Conti- 
nent. In passing, the members heard how wonderfully 
successful the undertaking has been financially, in develop- 
ing business, and in supplying the consumers at reasonable 
prices. But our main point of interest is in the progress 
that has been effected in carbonization. In 1g1o, the gas 
produced per ton of coal was 11,440 c.ft. Last year, it 
averaged 16,110 c.ft.; while a very notable statement is 
that the coke and breeze for sale has averaged 11 cwt. per 
ton of coal carbonized. Through the developments in 
carbonization, the President was able to suppress, soon after 
his arrival in Belfast in 1910, what was a violent controversy 
regarding the acquisition of a site for the construction of 
new works. We remember well the agitation over the Twin 
Island site ; but Mr. Smith found that, by utilizing continu- 
ous vertical retorts (even at the efficiency of those days), to- 
gether with a water-gas plant of 64 million c.ft. capacity, he 
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could provide for a daily output of 22} million c.ft. on the 
old site. He calculated then—in 1910—that the provision 
he could. make for gas production would satisfy the require- 
ments of the city for some twenty years. His plans were 
adopted ; but at present only part of them have been carried 
out. Improvements in the process have not been wanting; 
and with its higher efficiency to-day, the President calculates 
that on the old site he can proceed with developments, and 
meet the growing demands of the city for a period, from 
the year 1910, extending to thirty-five or forty years. Yet 
in 1910, with the old types of plant, complete new works 
were in contemplation. The members recognized what this 
meant in the manufacturing economies and efficiencies of 
the industry. Later in the address it was found that the 
President does not by any means consider that continuous 
vertical retorts represent the “ last word” in the develop- 
ment of carbonizing practices. 


A New Spiral-Guided Holder. 


Interest was continued in the description of the new 
purification plant at the works, which in its design contains 
novel features. Readers who desire the details of this puri- 
fication plant will prefer to read the concise account which 
the President supplied rather than have them epitomized 
here. A matter of still greater interest was the information 
he gave as to the new spiral-guided holder and tank, which 
later the members were to have an opportunity of inspecting. 
This is not the first spiral-guided holder. of which Belfast 
has had good experience; but it will be a structure having 
a capacity of no less than 7 million c.ft. A brick and 
puddle tank has been constructed; and in this connection a 
steam-digger was used in the making of the excavations. 
How this was accomplished, is shown in the address. The 
tank is 252 ft. 6 in. diameter, by 37 ft. deep; and the outer 
lift is 250 ft.in diameter. It is designed to givea minimum 
pressure of 50-roths in the inner lift; and 120-10ths when 
fully inflated. Here again, the constructional details will 
be found in the address; but among the interesting points 
it is noticed that, to lessen the risk of leakage, the crown 
sheets have been made 1o ft. long. The support for the 
crown is not only a novelty, but is economical in cost. It 
consists of reinforced concrete piers 12 in. square, brought 
up to a level about 8 ft. below the crown. Wing brackets 
are bolted to the piers, and these carry the circular bars in 
concentric rings, which form, together with the brackets, 
what may be termed an “ umbrella” framing, constituting 
a true spherical support for the sheeting of the crown. The 
carriages are of the “ Bearscot”’ four-roller all-steel type ; 
and it is rather interesting to know that the President was 
the first engineer to adopt this type of carriage. He has 
found that it gives every possible satisfaction. An im- 
provement has been made in the carriages, which consists 
of linking the rollers on opposite sides of the guide together, 
so that, whichever way the strain comes on the carriages, 
the whole of the axles come into play to carry the load, 
which provides the carriage, as a whole, with nearly double 
the strength of the ordinary type. The whole of the riveting 
(including the sheeting) has been carried out by pneumatic 
power. ; 


Serving the Community. 


In the concluding part of the address, the President 
opened to view the still greater service that the gas industry 
is destined to render to the country. There can be no two 
opinions on this point. Everything is tending to a reduc- 
tion of the cost of gas as a fuel in relation to the costs of 
other agents for heating purposes. Already the industry 
has done a considerable amount in leading the way in the 
diminution of the miasmal conditions of the atmosphere, 
due to the emanations from our domestic chimneys, and also 
from many industrial shafts. But the President’s view is 
that we hold the key to the still greater problem. The Pre- 
sidert is right; and the field that awaits the efforts of the 
industry has an expanse the limits of which it is impossible 
to define in view of an ever-increasing population, and, 
therefore, the greater demand for houses. The future of 
the industry, and its enormous possibilities, are subjects 
upon which it is interesting to let one’s imagination dwell. 
The President also dealt with the question of the therm. 
In his view it is incumbent on local authorities to consider 
their position in this regard, and at once to take into con- 
sideration the calorific value which they are prepared to 








declare. He denounced the carbon monoxide campaign in 
the daily Press. But in this connection he pointed out that 
we must not forget to what an extent the public are swayed 
by the emotions rather than by cold reason. In his view 
there is no doubt some ground for real grievance due to the 
imperfection of consumers’ fittings. In Belfast endeavours 
are made to deal with the question by arranging for a sys- 
tematic and careful inspection of fittings and burners—a 
measure which is well worth pursuing in all gas-supply areas. 
Excellent were his opinions on the subject of the education 
of a gas engineer. A remarkably practical, instructive, and 
far-seeing address ended with a strong ring of optimism 
from one who, making a sweeping scrutiny, realizes the vast 
potentialities of the industry in public service, to its own 
abiding advantage. 

The President was heartily thanked for his address, which 
was deemed good augury for the meeting, and eloquent 
testimony to his “bold engineering and guidance in the 
revision of his works and the development of the business.” 
Mr. -Smith, in return, expressed his gratification at the 
excellent attendance. 


Troubled Waters. 


Thereafter, on the proposition for the adoption of the 
Council’s report and the accounts for the year, Mr. W. B. 
M‘Lusky, of Halifax, took up the shield and buckler on 
behalf of some members who desired elucidation on a point 


as to the constitution of the Gas Investigation Committee. It 
was stated in the report that Mr. J. H. Brearley, one of the 
original members, whose excellent work was fully recog- 
nized, “had ceased to be a member of the Committee.” 
There was, of course, no personal feeling in the matter; 
but dissatisfaction was felt by certain members that the 
services of anyone should be dispensed with as soon as he 
ceased to be a member of the Council of the Institution. 
However, the air soon cleared. Primarily, it is plain that 
the Council must always have representation on the Com- 
mittees, for the Council are responsible for the work to the 
Institution as a whole. The disadvantages of a large com- 
mittee for work of any sort are well known; and in the 
present case is added that of distance from headquarters. 
By some means, therefore, the numbers must be restricted ; 
and, as the President remarked, a man appointed to the 
Council or to a Committee, is not made a life member. 


The Education Scheme. 


It was welcome news that the Scottish Education De- 
partment had expressed their willingness to become asso- 
ciated in the scheme for education and certification of those 
engaged in the technical work of the industry. Mr. Samuel 


Glover, who brought before the meeting the necessary - 
amendment of the scheme, stated that the Advisory Com- 
mittee were hopeful of similar co-operation with the Ulster 
and the Free State Departments. If the latter ate in any 
way doubtful of their action in this direction, we feel that 
the surroundings in which Mr. Glover’s remarks were made, 
and the excellent reception accorded the Institution in the local 
Press and everywhere in Ireland, will influencethem. The 
amendment to paragraph 14 of the scheme includes an in- 
crease of the Advisory Committee from twelve to fifteen 
members. This met with general approval. 


Voting for Council Members. 


Next to be dealt with was the revision of the Articles of 
Association, to do away with—perhaps not the abuse, but the 
misuse of the voting power for members of Council. There 
has been a certain amount of “ plumping,” for which it is 


easy to find excuses, but which is not strictly in accordance 
with the “spirit of the game.” It is obvious that many 
members in a particular district desire only to see their own 
champions in the lists, and have little interest in exercising 
their franchise in favour of some other district’s “ big men; ” 
and consequently they only place their mark against (say) 
two out of four candidates nominated. Such practice must 
mean that the poll is “ pulled,” and is not truly representa- 
tive. Now it has been decided that the total number voted 
for shall be equal to the number of vacancies; and variation 
of the voting papers shall mean their rejection. The Pre- 
sident wisely reminded the meeting that it was the duty of 
members to get to know each other, and so obviate the diffi- 
culty of deciding upon their vote; and his assurance that 
there were always more candidates than vacancies removed 
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some doubts, and preceded the carrying of the revision of 
Article 40. 


Gas Investigation Committee’s Work. 


After the reading of a letter from Prof. C. V. Boys, 
stating that an important development of his calorimeter 
had led to the well-advised postponement of the official tests 
of the instrument, a beginning was made with the consi- 
deration of the reports of the Gas Investigation Committee. 
There were three of them cldiming attention on this occasion ; 
and voluminous ones they were. There was regret to learn, 
from a letter received from Prof. J. W. Cobb, that he and 
Prof. Smithells were unable to be present; but there was 
good reason for this—the last week in June being the last 
‘one of the University session. One can understand the 
amount of work that has to be wrestled with during those 
winding-up days. The members heard with considerable 
satisfaction that, though Prof. Smithells is resigning the 
Chair of Chemistry which he has held so long in the Uni- 
versity of Leeds, his connection with the research work of 
the Gas Investigation Committee is to continue. Acknow- 
ledgment was also made by Prof. Cobb as to the great help 
which has been rendered to the Committee through the 
hospitality of the Birmingham Corporation Gas Committee; 
and a new association has been established with Mr. C. S. 
Shapley, the Engineer and General Manager of the Leeds 
Corporation Gas Department, and his Committee. 
Regarding the work of the past year, as Prof. Cobb men- 
tioned, that on the Fairweather recording calorimeter has 
been already reported. As to the aeration of gas-burners, the 
study of this, he believes, has been successful in placing 
information in the possession of those concerned, which 
bears not only on the design of burners, but on questions as 
to the effects on aeration which result from changes in the 
pressure or density of the gas supplied. Concerning the 
further investigation of the blue water-gas process, Prof. 
Cobb alluded to the interesting results which this has pro- 
duced—more especially in respect of the influence of using 
a shallow fuel bed. The work makes plain the peculiar 
complication which results from the alternating use of air 
and steam. The production of a high CO, and a low CO 
gas from a hot fuel bed of carbon blown with air can only be 
brought about when contact with the carbon is imperfect. 
When, however, contact is deficient for air in the blow, it is 
almost certain to be the same for steam in the run, and in 
this way the quality of the water gas made is impaired if 
the bed is too shallow, and any high rate of working is main- 
tained. There was testimony from Prof. Cobb as to the 
very excellent work which has been done by the staff during 
the year, particularly by the two Research Chemists, Mr. 
James W. Wood and Dr. A. Parker. 


The Fairweather Recording Calorimeter. 


After the preliminary introduction of the Gas Investi- 
gation Committee’s reports by the letter from Prof. Cobb, 
Mr. James W. Wood, the Research Chemist for this section 
of the work, presented the Eighth Report. It wasat the 1921 
meeting that the Fairweather recording gas calorimeter was 
first brought to the notice of the members. Since then, it 
may be remembered, this recorder has been certified for use 
by the Gas Referees at Brentford, under the provisions of 
the Gas Regulation Act. Mr. Wood acknowledged that the 
instrument is well made, robust in design, and in the main 
based on sound principles. Asa result of the examination 
which has been made by the Research Sub-Committee into 
the working of the recorder, we have the extensive Eighth 
Report, which, by the way, has been already published as a 
serial in our columns. For the proper working of the re- 
corder, it is necessary that gas should be delivered to the 
calorimeter at a constant rate of 5 c.ft. per hour; a Parkin- 
son pendulum-controlled wet meter being employed for the 
purpose. A large portion of the report is devoted to a study 
of this meter; and complete details are given of the precau- 
tions to be taken before it can be calibrated and operated 
as an accurate measuring instrument. It was found that 
the variation in back pressure of the burner with gases of 
different specific gravitiés was a serious difficulty with the 
original instrument; but the supplementary notes show a 
newer design of burner which enables automatic control of 
the gas rate to be maintained within + 0°5 p.ct.,even though 
the specific gravity varies from.0'43 to0’63. The instrument 
yields a record which requires no further correction of its 
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reading for variation in atmospheric temperature and pres- 
sure; the automatic correction being attained by suitable 
regulation of the water flow. 

An important point was made by Mr. Wood regarding the 
different effects of the water supply in different localities. 
Water is delivered through a steatite nipple under a mean 
head of 20 in. The control of the water by the jet fitted to 
the instrument supplied for examination could not be con- 
sidered satisfactory ; but the makers replaced the defective 
jet. A table given in the supplementary notes [reproduced 
later, p. 102] shows that, with clean water at a uniform 
temperature, the maximum divergence from the flow 
intended by the makers does not exceed o°5 p.ct. Despite 
the relatively large head and high velocity of water through 
the jet, it was not possible to avoid obstruction of the jet 
with the Birmingham town water supply, upon which the 
recorder was first operated; and the water rate fell in an 
irregular manner from 1 to 2 p.ct. per day—thereby seriously 
reducing the period during which the recorder might be left 
unattended. Repetition of the tests at Leeds shows that, 
on the water supply there, the error only reaches 0°5 p.ct. 
per week ; so that weekly attention to the recorder would 
be sufficient without errors of unreasonable magnitude ac- 
cumulating in the meantime. It seems also that the makers 
have endeavoured to instal a self-contained water circu- 
lating and cooling system, as with the Boys recorder; but 
so far they have only been partially successful, for the 
quantity of heat to be dissipated with the Fairweather re- 
corder is about ten times as great as with the Boys instru- 
ment. It was explained by Mr. Wood that.there is varia- 
tion in the water rate with variation in inlet water tempera- 
ture, to the extent of o'15 p.ct. per degree C. For this there 
seems to be no remedy other than keeping the water tem- 
perature within narrow limits during any one testing period 
—such as a week. 

The gas is burned in a calorimeter of the Boys type, 
and special care is taken in the control of the humidity of 
the air supplied to the burner, so that no appreciable error 
shall arise from uncertain and variable moisture. Mr. 
Wood agrees that the mechanism for transferring the indi- 
cations of the calorimeter is very well designed and carried 
out. A useful feature is that the calorimeter, with its 
auxiliary mercury thermometer, can be used at any moment 
for making a spot test or for-checking the chart without 
interruption of the record. ‘There is no reason why the re- 
corder should not work continuously with an accuracy of 
+ o'5 p.ct., when receiving occasional skilled attention, 
after being properly installed and adjusted under favourable 
conditions as to constancy of temperature and quality of 
water supply. It was mentioned that one of the instru- 
ments had been installed at the Belfast Gas-Works, where 
members were able to inspect it on their visit. 


Aeration in Atmospheric Burners. 


Having disposed of the Eighth Report, the President 
called upon Mr. Wood to introduce the Ninth Report, treat- 
ing of aeration in atmospheric burners. In his introductory 
remarks, Mr. Wood observed that the published work of the 


Gas Investigation Committee points to the conclusion that 
there is a close connection between thermal efficiency in use 
and the degree of aeration of particular gas mixtures.. At 
the present time, however, there seems to be no satisfactory 
means whereby the degree of aeration may be predicted; nor 
can one state with any confidence the extent to which aera- 
tion will be effected by specified alterations in working con- 
ditions. The report now submitted is a detailed account of 
preliminary experiments which have been carried out, to 
elucidate some of the points concerned with aeration; but 
it is clear that much more evidence must be collected before 
our knowledge of aeration can be considered at all satis- 
factory. 

Preceding the report, a very useful summary is given of 
the results of the investigation, to the length to which it has 
so far been carried. From this it is learned that, if the pres- 
sure (and with it the gas rate) is increased, when working 
with the same burner and gas nipple with any one grade of 
gas, there is in the early stages a rapid increase in the 
degree of aeration. Above 2 in. water pressure (although 
this value varies somewhat with the size and type of appara- 
tus employed) the further increase in the degree of aera- 
tion with increase in pressure and gas rate is much smaller, 
and the air-gas ratio approaches a steady value. It was 
found to be strictly true in certain cases, and approximately 
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so in others, that if the same injection tube and gas nipple 
were used, but the specific gravity of the gas was increased, 
for the same gas pressure, the volume of air drawn in was 
unaltered—i.c., the air-gas ratio was inversely as the gas 
rate, But to what extent a useful generalization can be 
made in this connection cannot be said without further in- 
vestigation. At equal gas rates with the same burner and 
nipple, the degree of aeration increases with the specific 
gravity of the injecting gas; but there is no easily expressed 
quantitative relationship between the two in the cases 
examined. Increasing the outlet resistance of a burner by 
reducing the total outlet area diminished the degree of aera- 
tion. A limit is placed on the extent to which burner resist- 
ance can be lowered by increase of outlet area, owing to the 
fact that the velocity of efflux of the mixture must be suit- 
ably related to its rate of flame propagation. 

Decreasing the length of mixing tubes materially increases 
the degree of aeration; but these must be sufficiently long 
to permit of adequate mixing of the gas and air before reach- 
ing the burner head. If the specific gravity of the gas and its 
pressure are fixed for a particular burner, but the gas rate is 
adjusted by varying the size of nipple, the absolute quantity 
of air drawn in will increase with increasing size of nipple. 
The air-gas ratio, however, will fall. With constant specific 
gravity, pressure, and B.Th.U. consumption, but with re- 
duced calorific value of gas (usually accompanied by a 
reduced air-requirement per cubic foot of gas), the larger 
nipple will produce a lower air-gas volume ratio, as already 
indicated; but the degree of aeration expressed as a percent- 
age of the air requirement for complete combustion will in 
general be increased. Back-firing may prevent the employ- 
ment of the full amount of air which an appliance is capable 
of injecting. Special adjustment or design may be necessary 
to utilize certain gas mixtures—such as blue water gas— 
with a high proportion of their theoretical air requirement 
as primary air. It has not been found possible to deduce the 
degree of aeration of a burner, even approximately, by equat- 
ing the momentum of the issuing air-gas mixture to the 
momentum of the injecting gas-jet issuing from an orifice 
under prescribed conditions. This statement also applies, but 
with even greater force, to the kinetic energies of injecting 
gas-jet and air-gas mixture. 


Flow of Gas in Pipes. 


On Wednesday morning, the business of the annual 
general meeting of the subscribers to the Benevolent Fund 
having been satisfactorily discharged, the President called 
upon Mr. Stephen Lacey, the Chief Distributing Engineer 
of the Gas Light and Coke Company, who read a summary 
of his paper on “ The Flow of Gas in Pipes.” The paper 
[see p. 119] is one which will enrich the “ Transactions ” 
of the Institution; but it is a paper for close study. It was 
therefore considerate of the author to have prepared a sum- 
mary, in which he had endeavoured to make clear many 
things that are abstruse to the plain gas manager. He men- 
tioned that his first point was that the flow of gas in pipes 
is only a particular branch of the more general subject of the 
flow of fluid in pipes. When this is borne in mind, and it 
is recalled that water was carried in pipes long before coal 
gas was discovered, it is understandable why gas formule 
should have been adapted from hydraulic formule. He told 
us of the fundamental hydraulic formula associated with the 
name of Chezy, and explained the assumptions on which 
_ itis based. Then he mentioned that the whole difficulty in 
‘ applying the Chezy formula to actual problems lies in the 
fact that this coefficient of friction varies to some extent 
with the diameter of the pipe, and also, it will be found, with 
the density, velocity of flow, and viscosity of the fluid. We 
heard how in 1852 Dr. Pole adapted this formula for the 
prediction of the flow of gas in pipes, altering the units to 
suit the gas engineer, and selecting a fixed value of the 
coefficient of friction which was the mean obtained from 
a very limited number of experiments. Just as the “ low- 
pressure” gas formula came from hydraulics, so the funda- 
mental “ high-pressure’ formula was originally developed 
by Dr. Unwin for use in problems connected with the flow 
of compressed air in pipes. The formula is deduced logi- 
cally from the Chezy formula; and it contains the same 
coefficient of friction. Dr. Unwin made ‘a most important 
contribution to the theoretical aspect of the flow of gas 
in pipes in the paper that he read before the Institution 
in 1904. He pointed out that the experimental data then 
available were not sufficient to enable the coefficient of 











friction to be accurately determined for different conditions 
of flow; but he drew attention to the known fact that the 
coefficient varied with the diameter of the pipe, and sug- 
gested a provisional formula which gives values of the co- 
efficient of friction ranging from ‘oo82 for a 2-in. main to 
0045 for a 48-in. main. Since 1904, those who have had 
opportunities of comparing actual measured flows with those 
obtained by the use of the “low-pressure” and “ high- 
pressure” formulz, have found that there are two sets of 
problems occurring in gas distribution, the theoretical treat- 
ment of which requires further consideration. On the one 
hand, there is flow at relatively low velocities in small pipes 
—a condition of flow: that obtains to some extent in house 
piping. Here the loss of pressure is directly proportional 
to the discharge ; and therefore no formula constructed on 
the assumption that the loss of pressure is proportional to 
the square of the discharge can properly be used. On the 
other hand, there is flow at relatively high velocities such 
as obtains in “high-pressure ” gas distribution. Here it is 
found that if the coefficient as obtained from Dr. Unwin’s 
provisional formula is used in the “ high-pressure ” formula, 
the measured discharge substantially exceeds that obtained 
by calculation. The main object of Mr. Lacey’s paper was 
to throw fresh light upon these two extreme conditions. 
Having said this, we will refer readers of this review (who 
cannot study the complete paper) to the summary, as pre- 
pared by Mr. Lacey himself, which succeeds his contribution 
to the elucidation of these problems [see p. 131]. 

Mr. Lacey’s paper created something of a sensation, if 
one may judge from its reception at the meeting and the 
various remarks which were heard. It was most aptly 
described by Mr. B. R. Parkinson, in the discussion, as a 
monumental work compressed into a small space, but still 
making remarkably clear reading. The meeting seemed to 
agree with the President’s opinion that the work was one for 
study rather than comment, though a few points were raised 
and questions asked by those who rose to compliment the 
author. Mr. Lacey’s clarity and conciseness in replying re- 
vealed the master of the subject. We used the word “ work” 
just above advisedly, for the paper not only represents the 
essence of two years’ research, but bridges the gap between 
Dr. Unwin’s results and the demands of modern practice. 
It will be a standard work for reference purposes ; and the 
Institution is under a great debt of gratitude to Mr. Lacey. 


Exploring the Blue Water-Gas Process. 


After the paper by Mr. Lacey, the attention of the mem- 
bers was turned to another aspect of the work of the Gas 
Investigation Committee ; and this time they had before 
them Dr. A. Parker, who related the results of his further in- 


vestigations, from thermal and chemical standpoints, into 
the blue water-gas process. In the introductory part of 
his explanation, he caused our minds to revert to the results 
obtained with the Glover-West continuous vertical retorts 
at the Uddingston Gas-Works. It will be remembered that, 
with proper control of the conditions, advantages were 
gained by moderate steaming—the thermal efficiency of gas 
production rising from 54 p.ct. without steam, toa maximum 
of 62 p.ct. with steam. In this case, the steam was raised 
in a separate boiler, which was assumed to have an effici- 
ency of 70 p.ct.° It has since been calculated that if the 
steam had been raised in waste-heat boilers, the thermal 
efficiency of 62 p ct. would have been increased to 68'5 p.ct. 
The work was transferred to the Adderley Street station of 
the Birmingham Gas Department, with the object of deter- 
mining the efficiency of production of blue water gas as 
ordinarily practised in a plant without a waste-heat boiler. 
It was shown that, taking into account the steam required 


for the plant, the efficiency of gas production was 46 p.ct.— . 


the blow gas accounting for a loss of approximately 20 p.ct. 
of the total heat supplied. In other directions, another 
8 p.ct. of heat was lost. Calculations as to the heat avail- 
able brought the investigators to the conclusion that suffi- 
cient steam could be raised by this heat to supply the gene- 
rator and turbo-blower, in which case the over-all thermal 
efficiency of gas production would be raised to 56 p.ct. 

In view of the incompleteness of previous work on the 
manufacture of blue water gas according to the principle of 
the Dellwik-Fleischer process (in which the generator em- 
ployed is short and broad, thus giving a broad shallow bed 
of fuel), it was decided to*conduct experiments to ascertain 
whether, by reducing the carbon monoxide content of the 
blow gas, the manufacture of blue water gas could be carried 
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out more efficiently from a thermal standpoint, according to 
the operation described in the Sixth Report. These experi- 
ments were made possible by the kindness of the Birming- 
ham Corporation Gas Department in placing their Hum- 
phreys and Glasgow plant at the Adderley Street Worksat the 
disposal of the Committee. From the results of preliminary 
trials, it was concluded that the minimum average depth of 
fuel bed at which the plant could be operated with any ap- 
proach to uniformity was about 4 ft. It was also found that, in 
general, providing channelling in the fuel bed did not occur 
when the blow gas contained a large proportion of carbon 
dioxide, the water gas might also contain large quantities of 
this constituent. Generally speaking, the results show that 
more care is required when making blue water gas with a 
shallow fuel bed—at any rate with the type of installation 
used in this investigation. From the figures given, it was 
seen that the efficiencies of gas production, including the 
fuel required for raising steam, ranged between 46 and 
48°6 p.ct. In one of the tests (“A”) in which the blow gas 
contained more carbon dioxide then carbon monoxide, the 
relative amounts being 13°6 and 11°5 p.ct., the efficiency of 
gas production was 41°5 p.ct.; and in another test (“B”) in 
which the amount of carbon dioxide in the blow gas was very 
much greater than the amount of carbon monoxide, the effi- 
ciency was only 37°2 p.ct. The thermal balances show that 
the loss of heat resulting from the potential heat of the blow 
gas was I1°5 p.ct. of the total supplied, as against 20 p.ct. in 
the Sixth Report tests. Dr. Parker points out, however, that 
the reduction of 8°5 p.ct. in the loss from this source was 
achieved at considerable expense in other directions. How- 
ever, from calculations of the heat available for use in a 
waste- heat boiler, it was concluded that sufficient steam could 
be raised under the conditions of tests “C ” and “ D” and 
those of the Sixth Report to supply the generator and turbo- 
blower; so that by this means the thermal efficiency of gas 
production in the tests named would respectively become 
57°5, 60°4, and 55'8 p.ct. 

In tests “ A” and “ B,” the calculated amounts of steam 
were less than those required for the generator and turbine. 
Crediting the process in both instances with the heat which 
might be recovered in a waste-heat boiler, the thermal effici- 
encies would become 52°9 p.ct. in test “A,” and 45°3 in 


test “B;” so that, even with the installation of a waste-heat | 


boiler, those tests in which the blow gas contained rather 
more carbon monoxide than carbon dioxide would be the 
most efficient. In tests “A” and“ B” at a fuel depth of 
about 4 ft., in order to obtain a reasonable percentage de- 
composition during the run periods, it was necessary to admit 
steam to the generator more slowly than during the tests 
in which a deeper fuel bed was employed. The reduc- 
tion in the rate of admission of steam resulted in a much 
smaller output of gas per day. The yield per day in test 
“A” at a fuel depth of 4 ft. was approximately 364,000 c.ft., 
as against 614,000 c.ft. in test “_D” at a fuel depth of 6 ft. 
It may, therefore, be concluded from the results that the 
manufacture of blue water gas by the intermittent process 
can be carried out more efficiently, and with a greater out- 
put of gas per day, when the blow gas produced contains 
rather more carbon monoxide than carbon dioxide, than 
when the carbon dioxide is largely in excess. With the 
coke used during the tests, and when the steam supplied 
to the generator is not superheated, it is advisable that the 
depth of the fuel bed should be not less than 5 ft. 

It may be remembered that in the Sixth Report re- 
ference was made to the trouble existing in the manu- 
facture of! blue water gas by the deposition, in a finely- 
divided condition, of a yellow-brown powder, containing free 
silicaand sulphur. Small-scale experiments have since been 
carried out with the object of ascertaining whether the dust 
in the water gas could be removed by scrubbing with water 
or oil, or by passage through fine oxide of iron or spent 
oxide. The experiments with iron oxide and spent oxide 
proved to be most successful. 

Four speakers took part in the discussion of the report, 
several interesting experiences coming to light, and some 
suggestions for the future. The discussion dealt mostly 
with the dust trouble in water-gas making—dust in the 
blast gases, and dust in the water gas. As regards the 
latter, Mr. Hoskins illustrated the fineness of the dust by 
instancing the belief which existed many years ago that 
pentoxide of manganese was a vapour; and it required the 
brains of Sir Edward Thorpe to disprove it. The same 
speaker related the difficulty that had been experienced 
from water-gas wash water, containing pentathionic acid, 








setting-up corrosion in the tanks. Electrical deposition of 
the fine dust was touched upon by Mr. Davies, of Chester- 
field; and it is a method which has been adopted with con- 
siderable success. Of interest was Dr. Parker’s opinion 
that the silica found in the dust carried over by water gas 
was probably due to the formation of gaseous compounds 
such as silico-methane in certain ranges of the fuel bed, and 
its subsequent decomposition. 


Gasification of Coke in Steam, with Special Reference 
to Nitrogen and Sulphur. 


The report of the Institution Gas Fellowship suc- 
ceeded the discussion on the Tenth Report. In a written 
communication, Prof. Cobb congratulated Mr. Stuart Pex- 
ton, M.Sc., the Institution Gas Research Fellow, on the 


results of the investigations which he has been carrying out 
during the past two years. An enormous amount of work 
has been entailed in securing the results. Reminder was 
given that the work was started by Dr. Monkhouse. The 
use of steam has been specially studied because the gasifi- 
cation of fixed carbon by steam is coming to play such an 
important part in the production of gas under new condi- 
tions—whether by steaming in vertical retorts, or by making 
water gas in outside generators, or by complete gasification. 
It has been made plain that considerable nitrogen is recover- 
able as ammonia from soft and medium cokes without 
burning-up the corresponding percentage of fixed carbon, 
but not from very hard coke. The position with sulphur, 
though somewhat similar, is not quite the same, as can be 
seen from the report. Figures have been given for the rates 
of gasification of different cokes, and of one coke at different 
temperatures. These velocities of gasification for various 
reasons cannot be taken as precise scientific determinations 
of the velocity of a simple and specified chemical reaction ; 
but it is hoped that, ascertained as they have been, they will 
fill a gap in providing information as to the comparative 
rates of gasification of cokes, which, so far as is known, has 
not been provided before, and is certainly wanted. 

Mr. Pexton then supplied a précis of the results obtained 
by him, in conjunction with Prof. Cobb. Examination had 
been made of the action of steam on three cokes prepared 
from Blackwell (Derbyshire) coal, with special reference 
to the nitrogen and sulphur. These cokes were prepared : 
(a) By carbonizing in the laboratory at 800° C.; (b) by car- 
bonizing in the laboratory at 1100° C.; and (c) by carbo- 
nizing on the commercial scale in bye-product coke-ovens. 
The-amounts of steam used and the temperatures of gasi- 
fication were varied in order to permit of the study of the 
formation of ammonia and sulphuretted hydrogen under 
various conditions. 

When 800° C. coke, which can be considered as repre- 
sentative of medium-temperature gas-works coke, was gasi- 
fied at goo® C. in a similar amount of steam to that used in 
a water-gas generator, little ammonia survived; most of it 
being destroyed by dissociation. During the gasification of 
the first 30 p.ct. of the coke, nitrogen was evolved at a 
50 pct. higher percentage rate than the carbon; but after- 
wards the percentage rate of gasification of the nitrogen 
approached that of the carbon. The sulphur gasified at a 
similar percentage rate to the carbon—e.g., when 50 p.ct. 
of carbon had been gasified, 57 p.ct. of sulphur had been 
gasified. In all experiments substantial equivalence existed 
between the sulphur gasified and the sulphur recovered 
in the cadmium acetate washers. Trebling the quantity of 
steam used for the gasification of 800° C. coke at goo° C. 
did not alter the relative percentage rates of gasification of 
the carbon and the nitrogen, but so reduced the amount of 
ammonia dissociated that practically complete recovery of 
the nitrogen as ammonia resulted. 

Unlike the nitrogen, the mode of liberation of the sulphur 
from the coke varied according to the amount of steam 
used. In the presence of a large excess of steam, the sul- 
phide constituents in the coke decomposed rapidly—hence 
the steepness of the sulphur curve at the outset. When the 
bulk of the sulphides had been decomposed, the remaining 
sulphur existing in close association with the carbon was 
gasified simultaneously with it, and a constant carbon- 
sulphur ratio in the coke residue was established. The 
medium temperature (800° C.) coke gasified at 950° C. with 
twice the velocity with which it gasified at goo? C. The 
excess of steam was large; and 60 to 70 p.ct. of the gasi- 
fied nitrogen was recovered as ammonia. At 1000° C., very 
little nitrogen was recovered as ammonia, even in the 
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presence of a large excessof steam. The sulphur curve for 
the gasification at 1000° C. differed from that at goo° C., 
because the high rate of gasification of the carbon at that 
temperature masked the early independent decomposition of 
the sulphide sulphur. It was found that 800° C. coke gasi- 
fied at 800° C. with a much lower velocity than at goo° C.; 
but the mode of liberation of the nitrogen and the sulphur 
was similar for the two cases. 

The high-temperature (1 100° C.) coke, and the bye-product 
coke, when gasified in liberal supplies of steam at goo® C., 
yielded almost identical results. Nitrogen was evolved at the 
same percentage rate as the carbon, and the carbon-nitrogen 
ratio in the coke residue remained constant throughout gasi- 
fication. The sulphur curves showed the two characteristic 
stages, in the first of which the decomposition of the metallic 
sulphides predominated, while in the second the remaining 
sulphur gasified at the same percentage rate as the carbon 
with a constant carbon-sulphur ratio in the coke residue. 

It was thought important to secure some data on the com- 
parative rates at which hard and soft cokes gasified, and 
the dependence of the rate on temperature. The velocity of 
gasification at the same temperature of different cokes from 
the same coal depended on their mode of preparation. The 
average velocities of gasification of 800° C. laboratory coke, 
1100° C. laboratory coke, and bye-product oven coke were 
approximately as 1°75:1:1. The velocity of gasification of 
the same coke increased with temperature. The velocities 
for 800° C. coke at 800°, go0°, 950°, and 1000° C. were 
as 1:6:14:22. The mode of combustion of coke in steam 
normally appears to be an increase in porosity as gasi- 
fication proceeds, with very little alteration in size until 
mechanical collapse of the weakening structure begins. 

The presentation of the above report marked the first 
appearance of Mr. Stuart Pexton before the Institution ; 
and the President took the opportunity of congratulating 
him on the preparation of the paper. As Mr. W. J. Smith, 
of Bolton, remarked, it was work difficult of criticism; and 
very little discussion ensued. Mr. Pexton, replying to 
Mr. John P. Leather, of Burnley, emphasized the value 


of an excess of steam in preserving the ammonia from 
dissociation. 


The New Office- Bearers. 


To close the morning’s session, the result of the ballot 
was announced; and loud applause greeted the intimation 
of Mr. Samuel Tagg’s coming Presidency. The presence 
of Mr. Tagg at the meeting had been in doubt until the_last 
moment, as he had recently suffered rather an acute attack 
of illness ; and the eagerness with which his appearance was 
welcomed in Belfast, left little doubt as. to the popularity 
of his leadership. Mr. J. Ferguson Bell was elected Junior 
Vice-President ; and Mr. J. M. Campbell (Margate), Mr. J. 
W. M‘Lusky (Glasgow), Mr. Hubert Pooley (Leicester), 


and Mr. C. S. Shapley (Leeds), take seats in the Council. | 


Then Mr. W. E. Price followed what must now be almost a 
habit, and thanked the members for his re-election as Hon. 
Secretary. The authorities must have been pleased, in view 
of the previous day’s remarks, with the ballot, for only five 
spoiled papers were found in 345. 


The Luncheon. 


The official luncheon by invitation of the Chairman 
of the Gas Committee was a function in which nobody was 
disappointed, though the welcome from the city and the Lord 
Mayor’s reception of the previous evening had taught one 
to expect something great. It was most enjoyable, and the 
guests left with the feeling that in Northern Ireland there is 
to be found not only pride of birth, but fervent loyalty and 
love of Empire. Well over three hundred sat at table, and 
thoroughly enjoyed the well-ordered banquet and the speeches 
which followed. Belfast confesses that it is anxious to 
become better known; and Ulster is eager to consolidate the 
power which is rapidly returning to the standard of times 
less troubled—her power as the builder of the finest ships 
and the maker of the finest linen in the world. It is by 
such gatherings as took place last week, and by such 
speeches as those which appealed to all present at the lun- 
cheon—from the Lord Mayor and from the Minister of 
Finance—that her position will be assured. Keen regret 
was felt at the inability of the Chairman of the Gas Com- 
mittee (Councillor Frank Workman) to be present ; but his 
good wishes were communicated to the members. 





The Gas-Works. 


As in every other instance, the arrangements for the 
works visit left room for no criticism. The usual explicit 
instructions were available in the form of a feuillet con- 
taining a plan of the works, with the route to be taken 
clearly marked thereon; and the usual tramcars were wait- 
ing across the road to convey members to the Ormeau Road 
entrance. A full description of the plant and photographs 
(taken from the souvenir book distributed) will be found 
on pp. 80-86. 

The centre of interest was, of course, the seven-million 
spiral-guided holder under construction ; and it was reached 
by the shortest route, which first led through the Glover- 
West vertical retort house, which is being converted from a 
capacity of 2} millions to 44 millions a day. The step- 
grate producers were remarked upon ; and it was learned that 
the conversion entails the raising by 2 ft. of the top bunkers ; 
the iron-work of the benches remaining practically intact. 
Parallel to the above are the two 2}-million benches which 
have been at work since 1917. A large station meter, to 
which a new drum is being fitted, next called for inspection ; 
and then the parties crossed the ferro-concrete bridge over 
the River Blackstaff, and arrived at the: holder. Through 
gaps in the crown the visitors were able to descend on to 
the dumpling, and there examine the unique “ umbrella” 
framing which was described in the President’s Address. 
The chief remarks heard concerned its novelty and its 
lightness. Ascending again from this domed and pillared, 
and well-lighted “hall,” the members rested their faith upon 
the ferro-concrete and V strutting of the umbrella, and 
faced the camera. Thereafter there was a demonstration 
of pneumatic riveting. 

The return was made by way of No. 1 water-gas plant, 
which, it is understood, was one of the first ever to be in- 
stalled. At the present time it is let-down for the addition 
of a waste-heat plant of the “‘self-steaming” type, by Messrs. 
Humphreys and Glasgow. The large dimensions of the 
boiler, with its appended steam accumulator, compelled re- 
mark; but the apparatus serves both to make and to store 
the steam. 

The thanks of all are due to the gentlemen who, as guides, 
so efficiently gave their services and explanations to all 
questions. They were Messrs. A. M‘I. Cleland (District 
Superintendent), A. P. Hoskins, F.I.C. (Chemist), W. Harri- 
son (Engineering Assistant), H. E. Lees (Electrician), 
F, J. Boyd (Assistant Superintendent), M. Shaw (Assistant 
Draughtsman),T.Owens and S. M. Stears (Superintendents), 
and James Taylor (Foreman). Special mention must be 
made of the help given freely and cheerily, throughout the 
meeting, by the Assistant Secretary, Mr. W. J. Bell. In 
the absence of Mr. A. Magowan (the Secretary) through 
illness, a great deal of work devolved upon Mr. Bell; and 
we are happy to record appreciation of it. 

An excellent tea was provided before the visitors departed 
for their various billets, or to see something of Belfast, be- 
fore attending the evening lecture. The latter, on ‘“ The 
Flow of Gas,” by Prof. W. B. Morton, M.A., was delivered 
at 8 p.m. at the Queen’s University, and was well attended 
considering the long distance which separated many members 
from their beds. 


Distribution in Belfast. 


It was a remarkably interesting paper which first en- 
gaged attention on Thursday morning. It was informative; 
and it indicated that in the distribution department of the 
Belfast Corporation Gas Undertaking, there is as much 


thoroughness and system as there is in the manufacturing 
department. With the management, the undertaking com- 
mences at the gas-works, and extendsto the terminals at the 
outer limits of supply. There is no concentration of effort 
upon one part of the operations, and neglect of the other, 
and equally important, part. The contribution was by 
Mr. A. M‘I. Cleland. We started off by receiving from the 
author an idea of the characteristics of the city, and of the 
present area of gas supply. We heard of immediate exten- 
sions to Carnmoney, Dundonald, and Drumbeg; and it is 
trusted that the hope will mature as to a considerable access 
of business from these areas. Eyes, too, it is noted, are set 
on supplying towns six to nine miles away with gas in bulk. 
Obviously the administrators and management of the gas 
undertaking have aspirations towards making their gas- 
works a “super-power” station. And why not, if benefit 
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will accrue all round? The distribution system extends to 
500 miles of mains, from 2 in. to 36 in. diameter, and the 
extremities of the area can be supplied at approximately 
20-1oths. Therefore, if Northern Ireland had not a Parlia- 
ment of its own, Belfast could very easily comply with the 
pressure enactment of the Gas Regulation Act. Information 
was supplied as to the conditions of the subsoil; and it was 
learned that the whole system of mains is recorded on 
Ordnance maps to a scale of 88 ft. to 1 in. New work is 
plotted over the old; nothing being erased. 


‘* Leakage ’’—Real and Otherwise. 


We congratulate the gas undertaking on the consistent 
lowness of the percentage of its unaccounted-for gas. Mr. 
Cleland is inclined, for leakage detection, to favour, as the 
most dependable method, the proboscis humanus. It isa most 
sensitive detector, seeing that a normal individual can easily 
detect one part of coal gas in 10,000 parts of air. He also 
finds that an effective detector is a couple of days’ tem- 
perature below freezing-point. For the explanation of this, . 
the paper must be consulted. The department has quite 
a big force of men under an obligation to report leakages— 
meter inspectors, lamplighters, mantle maintenance men, 
members of the police force, and men engaged in other city 











shopping centres and streets where traffic is heaviest, there 
are 26 high-pressure 1000-c.p. lamps, 109 1500-c.p. lamps, 
and 13 3000-c.p. lamps. Satisfaction is found with 5-light 
inverted superheated clusters. The lighting duty, however, 
is less than with high-pressure lamps; maintenance costs 
are much lower; and the lighting effect is more than suffi- 
cient for the traffic. Little private lighting is done with 
high-pressure gas ; but compressed gas is employed largely 
in isolated units throughout the city. Some consumers oc- 
casionally fall into the error of starting their compressors 
before opening the taps on the meter-inlets; and during 
four years twenty-one meters have come to grief. 


Prepayment Consumers. 


_ From street lighting Mr. Cleland passed to the slot- 
meter business. Belfast was in the rear in starting this; the 
late Mr. James Stelfox not being particularly enamoured of it. 
There is little use questioning his decision now. Suffice it 
to say that, though the system was not introduced until 
1903, at March 31 last there were no less than 32,023 slot 
consumers. The average consumption of gas has gradually 
grown, until in 1922 it was 20,636 c.ft. per meter, and last 
financial year 18,513 c.ft. At the present time gas is sold 
to the slot consumer at 28 c.ft. per penny; in rgto, 40 c.ft. 





departments who work about the streets; while the public 
are taught to consider as of consequence even a small leak- 
age in the house. Whether. reports are received during 
the day or the night, they are at once investigated, though 
not necessarily immediately rectified. A large part of the 
crop of reports is due to petrol vapour. People possess the 
strange idea that any smell indicates the presence of coal 
gas, while petrol vapour, sewer gas, heavy oils, calcium car- 
bide, turpentine, and gasified bitumen may be the cause of 
offence. Instances of such reports were quoted ; and some- 
thing appears later on the subject of electric cables and 
gasified bitumen. 


Street. Lighting. 


Then we were taken ‘to this subject. As was heard 
from the President, in his address at the opening sitting, 
the streets of the city are entirely gas lighted. The lamps 
range from two to eight light bijous up to 3000-c.p. lamps; but 
the major part are fitted with universal mantles. The whole 
of the lighting is with inverted burners. . The total number 
of. street-lamps on March 31 last was 10,243, containing 
14,082 burners. .Some 1086 lamps are controlled by the 
Alder and Mackay pressure-wave apparatus. The paper 
indicates that maintenance costs per burner are low; but 
Mr. Cleland does not think the mantle item is as low with 
the bijou burners as with the universal size. In the main 


ON THE SEVEN-MILLION HOLDER. 





were supplied for a penny, but the average consumption 


. was then only 10,886 c.ft. Belfast prepayment consumers 


evidently appreciate the use of gas for domestic purposes. 


Gasified Bitumen Explosions. 


At one time all explosions in electric light boxes and 
culverts, and sometimes in neighbouring houses, were attri-. 
buted to coal gas straying from its customary channels, 
Such explosions took place in Belfast ; coal gas was charged 


_as the transgressor. Mr. Cleland had his suspicions aroused 
. that the electric system was alone to, blame, through its 


ability to gasify the bitumen coverings of the cables. The 
outstanding cases of Hebburn and Nottingham, and the 
investigations that took place in connection with them, 
supplied evidence of the soundness of the assumption. Mr. 
Cleland was bent on bringing the real culprit to book; and 
by perseverance he has done so. This section of his paper 
is highly interesting, and should not be missed by those who 
want evidence on the subject. 


During the Disturbances. 
During the differences of opinion in the city (which 
made conditions seriously uncomfortable, particularly in the 


early part of 1922), when there were upwards of 300 violent 
deaths in twelve months and heavy damage occasioned to 
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property, the position of those engaged on gas distribution 
work was not an enviable one—partly owing to the objec- 
tions that some armed people had to reparation operations. 
Even slot meters had to be cleared under military protection. 
This section of the paper was also listened to with consider- 
able interest. The niaterial losses to the gas industry were 
limited to the damage to, or destruction of, lanterns, burners, 
and meters. Of the last-named, 592 were lost. One of 
the largest holders was punctured, and showed forty bullet 
marks. Listening to Mr. Cleland, one’s thoughts roved to 
Northérn France. But in Belfast peace now reigns; and 
the best hope one can have is that such bitter experiences 
will never recur. 


Points from the Discussion. 


In spite of the descriptive nature of Mr. Cleland’s 
contribution, five speakers rose in the discussion, and some 
interesting points were made. Mr. Stephen Lacey dealt 
with working pressure and with trouble from electric cables. 
As to the former, he takes the gas-fire as a criterion. This 
requires a pressure of 24 in. to develop its full capacity; 
and Mr. Lacey reckons an average drop of 1 in. between 
station-meter and service. Thus he is led to advocate 
34 in. as a minimum pressure, which as a matter of fact 
agrees with Belfast practice, though the pamphlet, as distri- 
buted, gave 25-1o0ths in error. Mr. Lacey attributes to the 
bogey of unaccounted-for gas the extant love-of low pres- 
sures ; but from tests he has carried out he deduces only 
3 p.ct. due to leakage, 1} to 2 p.ct. to difference in measure- 
ment between gas made and gas sold, and the remainder of 
the 8 p.ct. which he considers the average unaccounted-for 
to slow registration. Regarding electric cables, he cited 
the report of the 1914 Board of Trade inquiry into vul- 
canized bitumen cable, which condemned the material, 
though countenancing it in view of the large amount already 
laid. Ventilation of street boxes was a delicate subject—a 
matter ‘best left alone unless carried out thoroughly. Mr. 
Belton, of Macclesfield, referred to the deterioration of 2-in. 
cast-iron mains, which he had found eventually to contain 


patches which were nothing more than a honeycomb of ' 
graphite, He gave particulars of acid tests on a special - 


grade of pure iron tube, which is suitable for enclosed posi- 


tions; and much interest was taken in samples shown of a» 
copper tubing which had been:down.about a-hundred years, — 


but out of use for sixty. ‘Bbe:workmanship and brazing were 
excellent. In contradistinction:to:the Belfast:preference for 
the larger mantles, Macclesfield favoured*the bijou‘size-on 
account of the low-maintenance figure. 
Chesterfield, related how he had defended his department in 
a serious matter of stréet-_box explosions—by demonstrating 
that bitumen-covered electric cables would generate gas 
even though covered with paper and armoured;.and Dr. 
Parker commented on Mr. Cleland’s assertion that on one 
occasion gas in the cable ducts was due to osmosis through 
the soldered joints. The latter were reckoned water-tight ; 
and therefore, water vapour and coal gas having approxi- 
mately the same density, they should have been gas-tight. 
A test of gas drawn off from electric cable ducts should 
reveal, from its content of lighter constituents, its source of 
generation. Mr. Cleland’s decisive replies closed an inte- 
resting item of the meeting. He considered ‘that culvert 
ventilation offered only slight difficulties, while it would 
render the culverts safe even when opened only at long in- 
tervals of time. He was of opinion that the mains of forty 
years ago were of ‘infinitely better ’’ material than those 
used nowadays, although perhaps not so evenly cast. Re- 
garding the mantle breakage figure, Belfast did not strive 
over-much for a low one; it being considered the best prac- 
tice, not to nurse the mantles, but to replace them without 
hesitation if the lighting would thereby be improved. 


Ammonia Yields from Vertical Retorts. 


It\is an interesting observation that with steaming in 
vertical retorts, the yield of ammonia is higher than with- 
out ‘steaming. Interesting: though the observation is, it is 
just what might be expected having in view the know- 
ledge as to what happens with heavy steaming in certain 

as-producer practice. Coatbridge has had very high 
yields of sulphate of ammonia—an average of fully 46 lbs. 
pér ton of coal over twelve months’ working having been 
sold. In view of this, Mr. George Braidwood decided to 
catry-out.a series of practical’ experiments with the object 


Mr. Davies, of ' 






































































of establishing the cause of the high yields. He introduced 


the results of the experiments in the paper which was at 
this stage brought before the members. The paper shows 
that every care was taken in making the experiments; and 
it also indicates that contributory factors to high yields 
are present in Coatbridge conditions and practices. The re- 
moval of the ammonia is very thoroughat the works. The 
stills, however, are of an old type; but they are to be re- 
placed by others more modern. Scottish coal, too, is easily 
carbonized ; and it is not deemed advisable or necessary 
to carry high retort heats—combustion chamber tempera- 
tures of 1100° C, being considered satisfactory. The con-. 
ditions of the tests are set out in the paper. 

Glancing at the ammonia yields, it is seen that, in one 
experiment, with 40 p.ct. steaming and the combustion 
chamber temperatures graduated from 731° C. at the top to 
1127° C. at the bottom of the settings, a yield of 48-96 lbs. 
of ammonium sulphate (24°75 p.ct. NH,) per ton of wet coal 
was obtained. The. conditions in this test were similar to 
those obtaining during a period of twelve months’ work- 
ing, when just over 46 lbs. of ammonium sulphate were sold 
per ton of wet coal. With the steam reduced to 20 p.ct. of 
the weight of coal carbonized (13°82 p.ct. moisture), and 
regular combustion chamber temperatures of an average of 
1108° C., the yield of ammonium sulphate fell to 39°52 lbs. 
per ton. In another experiment blue water gas was passed 
into the base of the retorts along with the same percentage 
of steam—viz., 20 p.ct. It was hoped that the hydrogen in 
the blue water gas would have the effect of liberating a 
portion of the nitrogen in the coke, with formation of am- 
monia. The result of the test did not show any improve- 
ment in the yield of sulphate of ammonia; the quantity 
produced being 40°32 lbs. per ton of coal carbonized. 

Towards the end of the paper, Mr. Braidwood gives us 
the conclusions that he draws from his interesting investi- 
gation. It would appear that, in order to obtain maximum 


4 yields of. sulphate of ammonia, fairly heavy steaming, 


coupled with moderate retort temperatures, should be prac- 
tised, in order to ensure that the gases leave the retort rich 
in moisture. The presence of high quantities of hydrogen 
is not of vital importance either in the formation or pre- 
servation of ammonia. The introduction of blue water gas 
appears to have no beneficial effect in the formation of am- 
monia; the yield of sulphate of ammonia per ton of coal 
falling as the percentage of steam is reduced. It is also 


| very doubtful if the size of the material undergoing carbon- 


ization has any effect on the ammonia yields, as before and 
after the period of the tests similar productions of sulphate 
of ammonia were obtained with broken screened coal and 
washed treble nuts. The results of the tests further show 
that heavy steaming does not necessarily mean low-quality 
gas, as in one test, with low top temperatures.in the retort, 
the gas quality was maintained at 654 B.Th.U. per c.ft. ; the 
excess of steam, not having been converted into water gas 
—presumably finding its way to the tar and liquor well. 


Comments and Comparisons. 


The Coatbridge yields of sulphate brought six speakers 
to their feet in the discussion, and Mr. Braidwood was 
congratulated upon his careful examination of the subject. 
Mr. Smith, of Bolton, considers that the results are hardly 


to be obtained .at all works—Lancashire coals demand 
higher temperatures for carbonization than do the Scotch. 
Dr. Parker attributes the high yields of sulphate to the 
low temperatures of working, which do not decompose the 
ammonia liberated from complex compounds in the coal or 
coke—which compounds he holds to be the source of the am- 
monia, as distinct from the combination of gaseous nitrogen 
and gaseoushydrogen. Besides, steaming takes heat out of the 
retort, and increases the rate of flow of the gases—conditions 
which tend'to preservation of the ammonia. As to the failure 
of the blue-water gas to increase the ammonia yield, Dr. 
Parker pointed out that water gas would not absorb heat by 
a reaction with the coal, as does steam, and that its specific 
heat is lower than that of steam; and, further, the concen- 
tration of hydrogen in the retort is not raised by passing the 
water gas through at approximately atmospheric pressure. 
Mr. Wilson, of Motherwell, stated that excessive steaming 
had enabled him for some years to produce 42 lbs. of sul- 
phate per ton of coal carbonized; the only disadvantage 


being that the liquor was thereby weakened. An offset to 
this, however, is that there is less loss of ammonia from the 





' larger apparatus employed in consequence. 


Mr. Belton, of 
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Macclesfield, made the point that while low retort tempera- 
tures might be good for ammonia production, high tempera- 
tures were called for if good water-gas results were desired ; 
and in this regard he mentioned the advantage of the Glover- 
West system, in which it was easy to have a low tempera- 
ture for carbonizing and a high-temperatute water-gas zone. 
Mr. Braidwood, however, remarked in his reply that he would 
anticipate trouble from working a 750° C. top chamber with 
1200° to 1300° C. below. 


Jointing Materials for Silica Refractories. 


The next matter to receive attention was the report of 
the Refractory Materials Committee. It was introduced by 
Mr. A. E. Broadberry, Chairman of the Committee. The 
report itself consisted of an investigation by Miss D. Jones, 
B.Sc., and Mr. W. Emery, on jointing materials for silica 
refractories. The contribution was short; the accompany- 
ing table full of detail. But the report did not cover the 
indications of the agenda. We cannot help expressing con-. 
siderable regret, after the promises of recent years, that 
more substantial material is not forthcoming now in view of 
the provision that was made by the Institution for refrac- 
tories investigation, Mr. Broadberry, it will be seen pre- 
sently, had something to say about the scant results of 
merging the work into that of the Refractory Materials 
Research Association. 

It is clear from the report that care must be exercised 
in selecting the constituents for jointing materials, and that 
they must be in the right proportions. It can, however, be 
laid down as a general proposition that the more nearly a 
jointing cement approaches in chemical composition and 
physical behaviour that of the bricks with which it is used, 
the more satisfactory are the results obtained. The experi- 
mental work was directed to the exploration of the effect 
of mixing, in various proportions, fireclay, ganister, and 
crushed silica brick (grog), and, in some cases, the effect 
of the addition of certain compounds—such as plaster, lime, 
and sodium silicate. A study of the results leads to the con- 
clusion that the greatest satisfaction will be caused by the 
admixture of fireclay, ganister, and grog. Mixtures of the 
three ingredients, having either equal or greater proportions 
of ganister to grog, give very good jointings. A high propor- 
tion of grog renders the cement mechanically weak. For the 
bonding material, a small proportion of a highly plastic re- 
fractory clay is more satisfactory than a large proportion of 
fireclay of a less plastic nature. So far as the tests go, no 
advantage appears to have been obtained by the addition of 
such materials as plaster, lime, and sodium silicate to a 
cement which is to be used at high temperatures. 

In introducing the report, Mr. Broadberry referred in the 
first place to the revision of the standard specification for 
refractory materials:" It had served a useful purpose, and 
had succeeded in improving retort construction and fire- 
bricks; but the materials were too restricted by it,. and 
certain difficulties had been met with. Notable among the 
latter was to define “signs of fusion.” The porosity limit 
had been extended, test-piece dimensions altered, and the 
contraction test stiffened-up. Mr. Broadberry paid a tribute 
to the work of Mr. Leather in the compilation of the specifi- 
cation. Then the reporter dealt with the situation of gas 
refractories research, as adversely affected by its merging 
into the work of the British Refractory Research Associa- 
tion, which had with difficulty overcome financial embarass- 
ment, and during the year had achieved little on behalf of 
the gas industry beyond the note on jointing materials by 
Mr. Emery and Miss Jones—to be found in the report of the 
Institution’s Committee. There was certainly little food 
for satisfaction in Mr. Broadberry’s statement; and we 
sympathize with him—as did the members in Belfast—in 
having more than once “ been an apologist for the Associa- 
tion.” His view that, after the two years which remain of 
joint working with the Association, it will be better for the 
gas industry again to take over its own work in this im- 
portant direction, was met with approval at the meeting; 
and the President was of opinion that the matter was abso- 
lutely safe in Mr. Broadberry’s hands. 


A Valedictory Statement. 
The report of the Life of Gas-Meters Joint Committee 
was the next item for consideration. -It was presented 


by Mr. B. R. Parkinson; but its character was that of a 
valedictory statement, and not an account of new or 


further investigation. It reviewed the work accomplished 
since the formation of the Committee in 1914—the Com- 
mittee being constituted of representatives of the Institution 
of Gas Engineers and the Society of British Gas Industries. 
The Committee were not appointed with any special refer- 
ence to changes in gas practice arising from war conditions, 
but with a general mandate to inquire into all the circum- 
stances which might contribute to a shortening of the life 
of meters such as had already become apparent. As the 
war continued, there is no doubt that the influence which it 
had upon gas practice, and the impoverishment of materials 
generally, so aggravated the conditions as greatly to facili- 
tate the work of the Committee in their ultimate findings. 
The present report gives a précis of the contents of each 
report published since the formation of the Committee. It 
must be acknowledged that it constitutes a good account of 
work accomplished, and that of great practical worth. Read- 
ing the summary will refresh the memory as to what 
has beenachieved. Regarding the past year, it is stated that 
the services of the Chemist have been utilized in making 
final tests and comparisons of various materials used in 
the construction of gas-meters. Now that production has 
become more normal, it is found that materials which had 
fallen off somewhat in quality under the stress of war con- 
ditions have improved, while certain substitutes that seemed 
likely to be of service have not proved to be sufficiently 
regular in quality to justify their general adoption. Some 
further work has also been done by Mr. Taplay in connec- 
tion with the corrosion of purifiers and gasholder sheets; 
these matters arising incidentally out of the general question 
of internal corrosion both on works and district. Mr. J. G. 
Taplay’s chalk process for the removal of hydrocyanic acid 
from coal gas, which has been mentioned in previous re- 
ports, has, in common with other processes of a similar 
character, met with some difficulties when tried on a large 
scale, as compared with the excellent working results ob- 
tained on the small scale. It is hoped, however, that these 
difficulties may be overcome. It would have been interest- 
ing to have an account of those difficulties. The Com- 
mittee express their indebtedness to The Gas Light and 
Coke Company, who have generously allowed the services 
of Mr. Taplay and his staff, and the use of their laboratory. 


Mr. Taplay and HCN. 


No one wished to discuss the report ; but Mr. Parkinson 
took the opportunity offered by his motion for its adoption 
to enter a defence of Mr. Taplay, who has recently been 
criticized for placing hydrocyanic acid first as a corrosive 
agent. It seems that Mr. Parkinson is not best pleased 
with the guilty critics who, as the Joint Committee are 
bringing their work to a close, “come rushing along with 
their valuable and helpful criticisms.” Mr. Parkinson first 
accepts the responsibility for the arraignment of hydro- 
cyanic acid as the chief conspirator, and then proceeds to 
justify the action. He points out that it is recognized that 
oxygen, carbon dioxide, and moisture are the primary agents 
of corrosion, but that a symphony on these three strings 
would have compelled the ear of nobody ; they have been 
played upon for many years, and often. Hydrocyanic acid 
was something more sensational, more circumspect and 
cloaked in its behaviour. It is HCN-which dwells with the 
corrosion deposits, and sends the CO, and the moisture out 
to repeat the mischief. Turning to the moisture question, 
Mr. Parkinson again referred to the method of compressing 
the gas, before liberating it at low pressure into the mains, 
in order to remove the water vapour. The utmost care, in 
his opinion, should be taken to remove oxide dust from 
high-pressure pipe lines before they were laid; he himself 
advocating first brushing them out and then blowing them 
through at high pressure, Otherwise the rust would gradually 
find its way along to the governors—a process extending over 
many years. 


Closing Business. 


This was the last communication to be presented, and 
the President then turned to the nominations for Honorary 
Membership of the Institution. He moved the election of 
the Presidents of the Société Technique de |’Industrie du 


Gaz en France, the American Gas Association, and the 
Italian Association of Gas and Water Engineers, and also 





of Mr. B. R. Parkinson. Mr. Price, in seconding, paid a 
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tribute to the work of Mr. Parkinson, who in his acknow- 
ledgment left no doubt of his high appreciation of the 
honour. ; 

The decision having been made to hold the next annual 
meeting in London, the conference concluded with votes of 


thanks to the President and officers of the Institution, and to 
those responsible for the reports and papers. In succeeding 
columns we record the social events which filled up the re- 
mainder of the four days of this most successful meeting, 
which will long be remembered by those who took part in it. 
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SOCIAL EVENTS. 





Tue fact that the Institution met far from the homes of most of | reluctanceat having again to step into the limelight must have been 


the members, and that the limited accommodation in Belfast 
necessitated the making of special arrangements for “ billeting- 
out,” resulted in more attention than usual being paid to the social 


side—for thus we must stiltedly describe the enjoyment of other 
people’s society and of things that are goodto do. The President, 
Mr. Price, and Mr. Dunn are to be most warmly congratulated and 
thanked for those special arrangements, for it must have been no 

_ light task to accommodate some two hundred and fifty members 
and seventy ladies, and co-ordinate train times, businéss, and 
pieasure so as to bring satisfaction to all. 

Though we think it improbable that the leisure hours of those 
who found themselves appointed to Belfast or Larne hung heavily 
on their hands, we are wedded to the opinion that the Newcastle 
contingent were the most fortunate, for adjacent to the beautiful 
lawns of the Slieve Donard Hotel is to be found the first tee of 
one of the finest natural golf courses in Ireland. This fact most 
likely accounted for the early arrival of a number of the visitors, 
who took advantage of the long journey and the week-end to put 
in anything up to eight rounds before business began on Tuesday ; 
and throughout the meeting more than one dinner-time was post- 
poned an hour or so in deference to the ruling passion. It must 








The Giant’s Loom. 











The Wishing Arch, Whiterocks, Portrush. 


not be thought, however, that attendance at the meetings was bad, 
for the number of members and ladies who heard the Presidential 
Address must have given Mr. Smith much pleasure, and on every 
occasion the hall was well filled. 

The President’s Luncheon Party. 


On Tuesday, at Thomson's Restaurant, Mr. J. D. Smith in- 
vited to a private luncheon the members of Council and a 
number of his friends, who included the Lord Mayor of Belfast 
(Alderman W. G. Turner, J.P.) and Mr. Hugh M‘Laurin, J.P., 
Vice-Chairman of the Gas Committee. The affair was informal 
and most enjoyable, and the speeches were naturally of the 
lighter order. During the morning’s session at the City Hall, 
Mr. Doig Gibb had been the recipient of the Birmingham Medal ; 
and at the luncheon reference was made to it by the Lord Mayor 
and by Mr. Smith, who toasted him on the event. His certain 


~ 




















tempered by the warmth of his reception. Mr. M‘Laurin. pro- 
posed “ The President,” stigmatizing him as the means of paying 
for their magnificent City Hall. In his reply, Mr. Smith paid 
tribute to the help he had received from the Past- Presidents in the 
discharge of his office. 

The City Hall Reception. 

Tuesday evening’s reception by the Lord Mayor (Alderman 
W. G. Turner, J.P.),and Lady Mayoress was a brilliant function ; 
some six hundred guests being present, including members of 
many well-known Belfast families. —The Lord Mayor’s daughters, 
Mrs. Archibald Duff and Miss Turner, were present; and the 
party was accompanied by Sir Frederick Moneypenny, C.V.O. 
(the City Chamberlain). With the hosts, as they received the 
guests at the top of the marble staircase, were Mr. and Mrs. J. D. 
Smith. The Lady Mayoress had a beautiful bouquet of flowers 
presented to her by the Council of the Institution, and Mrs. 
Smith one of pink carnations, a gift from the North British Gas 
Managers’ Association. 

In other columns we have remarked upon the splendour of 
the City Hall, Belfast. It is difficult to imagine anything finer ; 
for the design must approach the ideal for such a building, and 
the materials put into its construction could surely not be sur- 
passed. All the apartments, apparently, were on this occasion 
thrown open for the pleasure of the guests—even the oaken 
chamber which has now become the Parliament House of Northern 
Ireland. The ballroom was charmingly decorated for the oc- 
casion—the arrangements having been in the hands of Mr. James 
Davies, Curator of the public parks. Whether or not the 
floor was “slung” we do not know, but it is safe to assert that 
the many who danced could have found no complaints, In the 
banqueting hall, along the wide gallery were to be found refresh- 











The Giant’s Causeway and Stookans. 


ments to satisfy gourmet and gourmand; and there were sweet 
peas in abundance to charm the eye. In this brief description 
of the hall, we feel that a note, perhaps of rather personal interest, 
will not be out of place. Just outside the ballroom we remarked 
a full-length portrait of Sir John Savage, J.P., painted by R. 
Hooke. Sir John was Mayor of Belfast in 1872 (at which 
time the portrait was painted), and was the first Chairman of the 
Gas Committee. Our personal interest lies in the fact that 
he is reading a paper very distinctly titled ‘‘The Journal of Gas 
Lighting.” 

Members of the Corporation and of local Departments and 
Authorities had been invited to meet the President and members 
of the Institution. Among the guests were Mr. and Mrs. Tagg, 
Mr. and Mrs. Hardie, Mr. and Mrs. Doig Gibb, Mr. and Mrs. 
Samuel Glover, Mr. and Mrs. Charles Wood, and Mr. A. E. 
Broadberry. All these gentlemen have passed the Presidency. 
Mr. W. E. Price (Hon. Secretary) and Mrs. Price were there; 
and Mr. Walter T. Dunn found, we hope, some enjoyment in the 
midst of his usual efforts on other people’s behalf. We saw in 
the local Press of the following day that a Mr. West, “ superin- 
tendent of the making of tanks,” attended the function. Had 
we thought it was in this direction that he turned his activities 
during the war, we might have recognized therein Alderman 
Fred. West, J.P., who was present with Mrs. and Miss West. 

During the reception of the guests, light music was rendered 
by Miss M‘Crea’s orchestra, who shortly turned to appropriate 
dance music, the excellence of which kept the floor well filled. 
The energies of the band were later relieved for a short time by 
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the broadcasting of dance music from Glasgow, which in itself is 
a novel and entertaining feature. Towards 10.30 the guests de- 
parted, and armed with their “ curfew” passes, made their _reluc- 
tant way to the ever-ready tram-cars. 


Mrs. J. D. Smith’s Garden Party. 


We should be very remiss if in this notice we did not include 
a brief reference to the entertainment offered on Wednesday 
afternoon by Mrs. Smith to the ladies of the party, who were 
invited to tea in the garden of her house in Ormeau Park. It 
was a happy thought thus to entertain them, and the pleasure 
afforded must have repaid her amply for the additional care and 
thought given by her at a very busy time. Mrs. Smith received 
the ladies in her drawing-room; and thereafter they enjoyed 
strolling in the gardens, until they returned to listen to some de- 
lightful music discoursed by friends of the hostess. There was 
again music after tea, before the guests departed for their ap- 
pointed stations. 


The Council’s Lunch. 


On Thursday, again at Thompson’s Restaurant, the members 
of the Council returned the President’s compliment of Tuesday, by 
inviting him to lunch. It was an informal affair, held for the pur- 
pose of congratulating and thanking Mr. Smith for his year’s work 


and of wishing Mr. Tagg, the new President, all the best while he 
holds the reins of office. It was Mr. Tagg who proposed their 
guest’s health; and he referred to the very high standard which 
Mr. Smith had set in the conduct of the Institution’s business and 
to the affection and highest possible esteem which he had created. 
It was only those behind the scenes who knew what the President 
had done. In his reply, Mr. Smith voiced his appreciation of the 
members who had attended the meeting, hoping they had found 
kind hearts in Ulster, not wild beasts and cannibals. He almost 
wished the Presidency was a three years’ job instead of one. The 
new President’s health was proposed by Mr. Blundell, who re- 
corded the satisfaction of all at learning that Mr. Tagg’s recent 
indisposition had not prevented his attendance at the meeting. 
One and all wished him the most successful year of office. 


Other Entertainment. 


Several members who attended- the meeting are Rotarians; | 


and on the Tuesday they were invited to luncheon by the Belfast 
Rotary Club, whose President is Mr. Fred M‘Kibbin. Mr. Archi- 


bald Main, Alderman J. H. Waddington (Chairman of the Halifax | 
Gas Committee), and Mr. W. B. M‘Lusky figured in the speech- | 
making. We understand that the Club’s hospitality was greatly | 


enjoyed. 
In the course of Wednesday’s proceedings, it became known 
that an open invitation to the Institution had been extended 






by Messrs. Workman, Clark, & Co., Ltd., for the launching on 
Thursday morning of the s.s. Berwindmoor, a 10,000-ton liner 
of special type. Though the morning’s session prevented the 
majority from witnessing this comparatively rare but exceedingly 
interesting spectacle; a few members were able to be present and 
show, on behalf of all, the Institution’s appreciation of the firm’s 
kindness. 

For Thursday afternoon a visit had been arranged to the 





Bellevue Gardens at Glengormley, and a number of the visitors 
took advantage of the fine weather and the faithful tram-cars to 
see this feature of the town. The gardens, which are delightful, 
ate situated high up, and command a wonderful view of Belfast 
—_ — Lough. The band of the Coldstream Guards was 
playing. 


Portrush and the Giant’s Causeway. 
Only a few members had found it necessary to return to 


| England on Thursday evening, with the result that the great 


majority were able to enjoy to the utmost the good things of 
Friday. At ro o'clock a special train left York Street station 
for Portrush; and the saloon coaches and the determination 
with which that Irish train made for its destination, constituted 
yet another example of the trouble which had been taken in 
organizing the whole meeting. The weather was kind, for a short 
shower of rain during the journey merely served to make brighter 
the sun which shone nearly all day with a brilliancy and heat 
that were almost forgotten. 

The party had previously been divided into two by the award 
of red or blue tickets; and on arrival at Portrush one division 
proceeded straight to the Giant’s Causeway by the electric tram- 
way, lunching at Kane’s Royal Hotel. The others lunched at 
Portrush, being fortunate in having among them Mr. and Mrs. 
Smith. As their guide they had Mr. R. Welch, a well-known 
Belfast archzologist and art photographer, who at luncheon gave 








a short explanation of the phenomenon of the Causeway. He 

told how that corner of the world had once been much hotter 

than Etna now was, and that the north-east of Ireland and south- 
west of Scotland had been built upon by successive streams of 
lava. Throughout the afternoon, his information and explanation 
added much to the pleasure of the visitors. 

Many photographs, professional and amateur, were taken at the 

Causeway; and reproductions in our pages will, we hope, give 
| pleasure to those who were unable to be there, and serve as 

souvenirs of a delightful day to the lucky ones. Tea was provided 

before the tramway (which, by the way, was one of the first ever 
| to be propelled by electricity) conveyed the party back to the 
special train at Portrush. 

Thus was brought to a close a meeting undoubtedly successful 
and enjoyed by all—a meeting notable for work worthy of the 
Institution’s traditions, hospitality worthy of a great city, and a 
| good fellowship which stands for much in a great industry. 
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-LUNCHEON- IN THE CITY HALL. 





On Wednesday, the Chairman of the Belfast Corporation Gas 
Committee (Councillor Frank Workman, D.L.) invited the mem- 
bers of the Institution to luncheon in the City Hall; and a large 
company sat down. The chair was, in the absence, through 
indisposition, of Councillor Workman, occupied by the Right Hon. 
the Lord Mayor (Alderman W. G. Turner, J.P.); and the names 
of those whose seats were with him at the top table included: 
Mr. W. H. Workman, the Rev. W. J. Baird, B.A., Mr. W. M. 
Mason, Mr. H. C. Kelly, Mr. A. P. Main, Councillor Elizabeth 
M'‘Comb, Alderman West, Mr. W. Smith, Sir Crawford M‘Cullagh, 
M.P., Mr. A. E. Broadberry, the Right Hon. Sir James Johnston, 
J.P., Mr. Samuel Glover, the Right Hon. J. M. Andrews, M.P. 
(Minister of Labour), Councillor M‘Laurin, J.P., Mr. W.E. Price, 
the Right Hon. Sir R. Dawson Bates, M.P. (Home Secretary), 
Mr. J. Paterson, Alderman Doff, M.P. (High Sheriff), Mr. J. 
Dunlop Smith (the President), Mr. Thomas Hardie, Captain D.C. 
Lindsay, Mr. Samuel Tagg, Sir Joseph Davidson (Ex-High 
Sheriff), the Right Hon. H. M. Pollock, M.P., D.L. (Minister of 
Finance), Councillor Sir William Coates, Bart., D.L., Mr. P. C. 
Holmes Hunt, the Right Hon. E. M. Archdale, M.P. (Minister of 
Agriculture), Mr. Charles Wood, Mr. W. Williames, D.L., Mr. 
Alex. Wilson, Mr. W. J. Scarlett, Mr. John M. Smith, Alderman 
Mrs. M‘Mordie, C.B.E., M.P., Mr. S. S. Ogilvie, Mr. J. Gelston, 
J.P., Mr. Charles Dempster, Councillor H. M'‘Keag, J.P., Sir 
Frederick Moneypenny, C.V.O., C.B.E., Mr. D. J. Lindsay, and 
Dr. Leslie. 

The Lorp Mayor explained that ‘he occupied this position at 
the request of their host, who was unable to attend owing to his 
recent serious illness. In the name of all present, he expressed 
regret at his enforced absence, and sent to him the hope for his 
early restoration to health. Councillor Workman was one of 
their most prominent citizens. He was exceedingly generous in 
connection with every philanthropic object, and was always 
ready to assist in anything and everything that might tend to 
benefit the city or improve the welfare of the people. 


NORTHERN IRELAND. 


The Lorp Mayor, after the honouring of the Loyal Toast, sub- 
mitted the toast of “His Grace the Governor, and Prosperity to 
Northern Ireland.” He remarked that they were extremely for- 
tunate in having an illustrious Ulsterman as the representative of 
the King in that most loyal part of His Majesty’s Dominion. No 
one stood higher in the estimation of his own community than did 
the Governor.- In proposing this toast, it was only fitting that he 
should pay a tribute of respect to the gracious consort of the 
Governor, who won the hearts of the people when she first came 
among them; while the years that had since elapsed had only 
served to cement the ties of love which bound her to Ulster. As 
to the prosperity of Northern Ireland, he was pleased to say that 
the clouds of industrial and commercial depression were passing 
away; and he was sure their guests would join with them in fer- 
vently expressing the hope that normal conditions of trade would 
soon be completely restored, not only in the North of Ireland, but 
throughout the Empire. 

With the toast was coupled the name of the Right Hon. H. M. 
Pottock (Minister of Finance), who replied. He referred to the 


very great popularity enjoyed by the Duke and Duchess of Aber-- 


corn. As to the prosperity of Northern Ireland, the Government 


were doing everything in their power to encourage and assist 
those trades and industries which were struggling ; but they must 
remember that it was only by individual effort that prosperity 
could attain its greatest height. In Belfast they could produce 
the finest ships and the finest linen; but until the buying power 
of the world was increased, and the cost of production reduced, 
they could not reach the full measure of their prosperity. He 
would like to say on behalf of the Government how greatly they 
appreciated this distinguished gathering of experts in their midst. 
He hoped this civic reception would convince their guests that 
they in the North of Ireland entertained friendly feelings towards 
their fellow citizens from across the Channél. 


PROGRESS OF THE BELFAST GAS UNDERTAKING. 


The Lorp Mayor, in submitting “ The Institution of Gas 
Engineers,” said it was an Institution whose members had done 
as much as, or perhaps more than, those of any other institution 
to promote the welfare and accelerate the progress of mankind. 
It was peculiarly appropriate that they should be visiting Belfast 
this year, and that he, as Lord Mayor of the city, should be pro- 
posing the toast, for it was just a hundred years this summer 
since their streets were first lighted by gas. Their — since 
those days, if not entirely due to, had at least been facilitated by, 
the great work of the members of that Institution and their pre- 
decessors. In September, 1822, a Company was formed in 
Leicester for the purpose of supplying gas to the town of Belfast, 
which then had a population of 37,227. The Company com- 
menced business with a capital of £43,750, which was made up 








of 700 £50 shares and £8750 0n loan, The total capital expen- | tution meeting this year in Belfast coincided with the centenary 


diture during the first year was £24,617. The gas made for the 
year 1823-4 was 13,423,000 c.ft., and this was sold at 118. 4d. per 
tooo c.ft. Belfast, as he had already indicated, was first lighted 
by gas on Aug. 30, 1823; and the number of public lamps re- 
quired to light the town efficiently was 355. Im 1846 the Cor- 
poration obtained an Act authorizing them to supply gas, and to 
raise for the purpose the sum of £50,000; but the powers under 
this Act were not exercised. Unable to obtain parliamentary 
sanction to increase their capital, and yet compelled to meet the 
rapidly-growing requirements of the town, the Gas Company ex- 
pended upto Dec. 31, 1851, the sum of £36,349 out of their profits. 
The shareholders during this period of 29 years only received three 
dividends of 5p.ct. In 1852 Parliament gavethe Company power to 
capitalize £21,000 out of the profits, and toraise a further £69,000 
of capital— £50,000 by shares and {10,000 by mortgages. In that 
year—1852—Mr. James Stelfox, Sen., was appointed Manager; 
and one of the first improvements was the erection of what was 
then described as a “colossal” gasholder, 100 ft. in diameter, 
rising to a height of 50 ft., and holding, when full, 380,000 c.ft. of 
gas. The total cost of the holder was £6242. By way of con- 
trast, he mentioned that the gasholder now in course of erection 
would cost over £150,000, and have a capacity of 7,000,000 c.ft. 
In 1853 a dividend of 7} p.ct. was paid to the shareholders. This 
was the first dividend paid since 1833. In the following year 
to p.ct. was paid; and this continued until 1874. In 1865 some 
new shares were issued on which dividends at the rate ot 7 p.ct. 
were paid. In 1874, during the Mayoralty of the late Mr. James 
Alexander Henderson, the Corporation purchased the gas under- 
taking from the Company as a going concern; the purchase price 
agreed upon being 22} years of the annual profits, estimated at 
£17,180. This amounted to £386,550, and included £186,550 for 
goodwill. When the cost of the extensions then in progress was 
added, the amount due to the Company was £432,083. The result 
of the first year’s working by the Corporation was so satisfactory 
that a net profit of £11,700 was made; and the Chairman of the 
Gas Committee (Alderman Sir John Savage) reported that the 
Committee had decided to reduce the price of gas from 4s. 6d. to 
4s. 2d. per 1000 c.ft. The policy the Gas Committee followed 
for a number of years after taking over the works was to reduce the 
price of gas to consumers, and to wipe out the amount paid for 
goodwill; and with the latter object in view, a certain amount of 
the profits was set aside each year. Up to 1899, the total profits 
which had been capitalized amounted to £482,975, a sum greater 
than the original cost of the undertaking. In that year (1899), 
there was a change in the policy of the Gas Committee, and instead 
of using the surplus profits for extension of the works, they gave 
contributions in relief of rates. This was continued until the year 
1917, when, owing to the increasing cost of wages and materials, 
the contributions for that purpose were discontinued. All the 
dividends and sinking fund contributions on the stock issued for 
the erection of the City Hall had also been paid, and continued 
to be paid, out of gas profits. To summarize the situation, the 
total gross profits from 1874 till the present time amounted to 
£2,538,507; and £860,299 had been paid in interest and dividends, 
leaving a net profit of £1,678,208. Out of that profit there had 
been expended on extension of the works £524,736, contributed to 
sinking fund for the purpose of redeeming borrowed money 
£327,565, and set aside for depreciation and reserve funds £301,802 
—a total of £1,154,103. There had also been paid dividends and 
sinking fund on the new City Hall £237,378, contributed in aid 
of rates £202,500, and to other committees £59,431. The gas 
made for the year 1922-23 was 3318 million c.ft., and the present 
price 2s. 8d. net per 1000 c.ft. At the present time the total value 
of the undertaking was £1,560,120, and the amount outstanding 
£705,605. This was the record of a hundred years’ progress of 
gas in their city. It might be that the future belonged rather to 
electricity than to gas; but this future was still a long way off. 
It might be that gas and electricity, as in their city, would be 
colleagues rather than rivals; but in any case their Institution 
still had its work to do, of which the members might be proud, 
and still a future before it to which they might all look forward 
with confidence and hope. “ You are fortunate in having as your 
President,” concluded the Lord Mayor, “our Gas Engineer, Mr. 
J. D. Smith, who ranks among the foremost and most efficient 
officers in the kingdom. To the Belfast Corporation, he is a most 
valuable, experienced, and capable official, and has won the con- 
fidence and esteem of both the governing body and the citizens 
generally.” 


THE INSTITUTION. 


The PrEsIDENT, in reply, thanked the Lord Mayor, on behalf 
of the Institution, for the cordial reception given to the members. 
To Mr. Workman (their host of that day), who was unfortunately 
unable to be with them owing toindisposition, to the members of 
the Gas Committee, to the Tramways Committee, and to the Lord 
Mayor, for the kindness extended to the members of the Institu- 
tion on their visit to the city, he returned hearty thanks. As a 
Scotsman, he might be allowed to bear tribute to the traditional 
spirit of hospitality for which the Irish race were celebrated ; 
and in no part of Ireland was it more abundant thanin the Im- 
perial Province of Ulster. By a happy coincidence, the Insti- 
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E have recently prepared STANDARD 

DESIGNS of the following plant in which 
we specialize, embodying the latest practice and 
patented improvements : 


Water Tube Con- (CQNDENSERS IN CAST Air-cooled Annular, water-cooled Multi- AnnularCondensers. 
densers. IRON OR STEEL tubular Type, separate or combined 





TAR-EXTRACTORS Cyclone, P & A, & LIVESEY TYPES 


-WASHERS HOLMES ROTARY with patent 
ee BRUSH FILLING 


CENTRIFUGAL D & L PATENT. GUARANTEED 
WASHERS ‘° be more efficient than any other 
washer of the centrifugal or spray type 





Tar txtritor, SULPHATE PLANTS Combining the Iatest methods for pro- Purifiers. 


ducing high quality NEUTRAL SALT 
with accessibility and low working cost 


TAR DEHYDRATING Improved HIRD continuous process, 


and DISTILLING PLANT ‘*¢iting no skilled operator and 
reducing upkeep cost to a minimum, also 

WICKNER process of dehydration by 

team 


We are also makers of:— 


SPIRAL AND COLUMN - GUIDED GASHOLDERS 


“(Wachers. STEEL AND CAST-IRON TANKS : : PURIFIERS  °**olders 


STRUCTURAL STEELWORK : ROOFS : HOLMES 
DOUBLE- FACED VALVES — “WESTERN” TYPE, 








WE can quote very favourable terms for all classes of 
plant required in Gas and Constructional Engineer- 
ing. 70 years’ experience has perfected our Designs, 
and our position in the Gas Engineering world is 
evidence of the soundness of our work. We 





Tar and Benzole shall be pleased to have your Direct and Indirect 
Plants, enquiries. Ammonia Recovery 
Plants. 


Always 


SPECIFY “WESTERN” VALVES 


for your works connections. 
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UNDERFEED STOKER COMPANY, LTD., 


GoM BUSTION ENGIN op Boa 





MANUFACTURERS OF MECHANICAL STOKERS BURNING COKE BREEZE AND | 
LOW GRADE FUELS HAVING AS MUCH AS 48% OF ASH. | 





4 6. ct 
Wise weeks eee p 


SELF-CONTAINED TRAVELLING GRATE STOKER AND USCO WATER-TROUGH 7 
ASH CONVEYOR (as arranged in Boiler Houses without Basement). E 

ti 

THIS COMBINATION OF STOKER AND ASH-REMOVAL PLANT FORMS AN 8 
ENTIRELY AUTOMATIC EQUIPMENT. ; 


ALSO MANUFACTURERS OF: IMPELLED DRAUGHT PLANT, 
THE LOPULCO SYSTEM OF PULVERISED FUEL EQUIPMENT, 
AUTOMATIC ASH-REMOVAL PLANT, WATER HEATERS, 
WATER SOFTENING AND PURIFYING PLANT, THE 
DETRICK-USCO SUSPENDED FURNACE ARCH, USCO AIR 
HEATER, CO, THERMOSCOPE, DRAUGHT GAUGES, ETC. 


ee ml eet ee ee 8 ee aS 





COVENTRY HOUSE, SOUTH PLACE, LONDON, E.C. 2. Works : DERBY. 
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of the introduction of gas into Belfast. 
nings by a privately owned Company, the works had been de- 
veloped; and to-day he thought he might be pardoned for stat- 
ing that it was the greatest revenue-earning proposition under the 


From small begin- 


control of the Corporation of Belfast. Before passing on to the 
point as to what useful purpose the Institution served, it would be 
well to illustrate the part which gas undertakings had played in 
the greatwar. Thelate Lord Moulton (who, as many of them knew, 
‘ was President of the Institution) presided over the vitally im- 
portant Committee upon High Explosives; and when he (Mr. 
Smith) was called upon to serve under him, the Belfast Corpora- 
tion gave him absolute liberty to place all their considerable re- 
sources at the disposal of the Government, for the production of 
toluole. The industry as a whole rose to the occasion, and could 
claim that it played its part in helping to preserve the freedom of 
these Islands and the civilization of the world. So much for the 
production of war-like materials ; but it might be asked, * What 
are the uses of the Institution in times of peace; what are its 
aims, and what is it out to achieve?” First, its purpose was to 
produce a general pooling of the brains and energies of the in- 
dustry, and to turn to practical use discoveries and advances on 
the methods of manufacture, so that the general public might 
benefit. The Gas Investigation Committee, with their highly com- 
petent technical staff at Leeds University, examined carefully 
every suggestion which held the germ of a practical idea, and, if 
satisfied, passed the knowledge on to the engineers to apply in 
practice for the benefit of the community. In the second place, 
the business of the industry was to provide without limit, rapidly 
and cheaply, power, light , and heat, and, in this way, to help for- 
ward the industrial prosperity of the country as a whole. Lastly, 
perhaps, he might say the most important use of the Institution was 
to endeavour to educate the public to the use of gas. It was an 
admitted fact to-day that the smoke nuisance in large industrial 
areas was a constant menace to the public health. Instead of 
having countless chimneys pouring-out clouds of smoke to darken 
and poison the atmosphere in the great manufacturing centres, 
they were out to prevent this:contamination of the air. In- 
stead of each individual industrial undertaking being obliged to 
face the question of providing a coal supply, the erection and 
tending of boilers, and the disposal of immense quantities of coal 
refuse, the gas industry offered an alternative source of power and 
heat, free from all this industrial loss and waste; and, on the 
other hand, they gained valuable commercial bye-products, ex- 
tracted everything of value from the coal, and still had an abun- 
dance of coke which was of enormous value to the bakeries and 
shipyards. Thus they combined health for the people with a 
cheapening of industrial production. “In conclusion, my Lord 
Mayor, as President of the Institution, I am pleased to say that 


THE LUNCHEON AT 
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THE CITY HALL. 


the members have expressed themselves delighted with their 
visit ; and I am‘voicing the opinion of all in expressing their warm 
appreciation of the kindness and hospitality extended to them.” 


TueE Key To Success 1n BELFAST. 


Mr. THomas HarpieE (Chief Engineer of the Gas Light and 
Coke Company), in proposing the toast of “ Our Host, Councillor 
Workman, the Chairman of the Gas Committee,” said they 
regretted very much indeed not having the pleasure of meeting 
him there that day; and they were particularly sorry that his 
absence should be occasioned by ill-health. They were, however, 
pleased to hear from the Lord Mayor that Councillor Workman’s 
health had improved, and hoped that he would return from the 
South of England, where he had gone, in a fit condition to take up 
again the very important duties which he had in the city. The 
members would have much liked to have taken this opportunity 
of expressing to him personally their congratulations upon the 
manner in which the Gas Committee had managed the affairs of 
this great undertaking belonging to the Corporation. On the 
previous day they had heard from the President of the progress 
that had been made during the last few years; and after lunch 
they were to have the opportunity of visiting the gas-works, and 
of seeing the large up-to-date carbonizing plant which was in- 
stalled there. They were also to have the pleasure of seeing in 
course of construction a very large gasholder. The fact that this 
holder was the largest of its particular type, was an indication, 
not only of the progressive ideas of the Committee, but of the 
confidence which they had in their Gas Engineer. The fact that 
in this city the public lighting was still done by gas showed that 
the Gas Committee were live men. [Applause.] They had been 
alive enough, not only to progress on the manufacturing side, but 
also to progress sufficiently on the distribution side, to meet a 
competitor who had been very successful in many other towns. It 
was very kind indeed of the Chairman to entertain them as he had 
done ; and they thanked him heartily for his generous hospitality. 

Captain Linpsay, returning thanks, said it was a source of 
keen disappointment to Councillor Workman that ill-health pre- 
vented him from being present that day, because the gas under- 
taking was something in which he had taken a far more than 
commercial interest during the time—which extended over a 
good number of years now—that he had been connected with it. 
Nothing had contributed more to the exceptional interest and 
pleasure he had taken in this connection with the gas undertaking 
than his association with their President, and no one could 
testify better than Councillor Workman to Mr. Smith’s great 
ability and genial personality. [‘‘ Hear, hear.’’] 
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DESCRIPTION OF THE 





BELFAST CORPORATION GAS-WORKS. 











The Belfast Corporation Gas-Works and Offices in Ormeau Road. 


BELFAST CoRPORATION GAS DEPARTMENT. 


Tue Belfast Gas Undertaking dates from the early days of gas 
lighting, Belfast being one of the first towns to adopt this system 


of illumination. On May 23, 1823, an Act of Parliament was. 


obtained giving statutory power to the Belfast Gas Light Com- 
pany for the purpose of producing coal gas. In the year 1823 
this Company manufactured and supplied the gas to the town 
from their works in Ormeau Road. The works stood well out of 
the town of that date, and covered an area of about 14 acres. 
The largest day’s consumption was 55,000 c.ft.in all. During the 
winter of 1922, the largest day’s consumption was 13.275,000 c.ft. 

The growth of the undertaking is exhibited in the following 
table: 


Year, - Total Gas Made. 
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In the year 1874 the Belfast Gas Light Company’s works had 
extended to 174 acres, having an annual production of about 
418 million c.ft. By the Belfast Corporation Gas Act of 1874, 
authority was given for the transfer of the undertaking to the 
Corporation. 
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Bridges over the River Blackstaff and the Ferro-Concrete River Walls, 


In 1891 the plant was working to its full capacity, and 
more ground was urgently needed for extensions; but this was 
found to be impossible owing to the position of the works. As, 
however, the need for more producing power was imperative, 
some way had to be found out of the difficulty, and eventually it 
was decided to adopt the carburetted water-gas plant supplied 
by Messrs. Humphreys & Glasgow, of London. This proved so 
successful that a year later a plant of more than double the 
capacity of the first was ordered; the combined total of water- 
gas production being 6 million c.ft. per diem. By this time the 
purifiers were unequal to the amount of work demanded, and 
as no ground space was available, large overhead boxes were 
erected in 1896. 

These works, with some minor alterations and additions, 
sufficed till the appointment of the present Engineer in 1910, 
when he was called upon to.report as to the best means of 
providing for future requirements. This report was submitted 
on Nov. 11, 1910, and was adopted by the Gas Committee and 
the Council. The main provisions were: 


The acquisition of land known as the “abattoir” site, and 
the erection thereon of a large gasholder and tank; the 
substitution of vertical retorts for the existing carbonizing 
plant; the retort-houses to be centralized and arranged 
in units equal to a production of 16 million c. ft. of coal gas; 
and the erection of a bridge over the Blackstaff to connect 
the two sites. The abolition of existing gasholders Nos. 1 
and 3, and the doubling of the capacity of Nos. 4, 5, and 6. 
The erection of additional purifiers and station meters. The 
provision of modern coal and coke handling plants. 


Under the Belfast Corporation Act of 1911, powers were 
obtained to purchase the lands on the north side of the River 
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Longitudinal Section of Benches ‘‘A’’ and ‘‘'B” of Glover-West Vertical Retorts. 


Blackstaff, making an additional area of 6°86 acres, or atotal of | Messrs. Humphreys & Glasgow, of London, are at present in- 
about 24 acres for the works. , | stalling a 2} million per diem blue water-gas plant with waste- 

In November, 1911, a contract was placed with Messrs. West’s | heat boilers, in lieu of the two-million carburetted water-gas plant 
Gas Improvement Company, for the erection of vertical retorts | installed in 1891. This plant embraces all the latest features in 
capable of producing 2} million c.ft. of gas per 24 hours; and the 


water-gas plant construction. 
following year a further contract was placed with the same firm | 
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West’s Improved Step-Grate Producer, 














for another vertical-retort installation of 54 million c.ft. capacity. | " 

This brought the make of gas on the var system up to eight a ein prema 

nillion c.ft. per 24 hours. | 
The reconstruction of the first installation of vertical retorts, | 

which is now in hand, will increase its capacity to 4} millions, | 

making a total of 10 millions in the vertical retorts, which, added to | Lancashire, Yorkshire, North Wales, Cumbérland, and Scotland, 

6{ millions in the carburetted water-gas plant, brings the total | 


Coat. 
The coal is mainly sea-borne; supplies being drawn from 


with occasional cargoes from Northumberland and Durham. 


daily gas-making capacity to 164 million c.ft. | It is brought in barges on the Rivers Lagan and Blackstaff, 
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Coke Extractors after 11 Years’ Working. 


General View of Coke Telpherage System and Vertical Retort Plant. 


Telpher Machine. 


and is unloaded and placed in coal stores running parallel to the 
Ormeau Road. 


The four benches of vertical retorts are laid-out at right angles 
to the coal stores. Opposite to the end of each retort bench, in 
a pit below the coal store, is a powerful double-roll coal breaker, 
by which the coal is reduced to a size suitable for the vertical 
retorts and passed on to a line of gravity-bucket conveyors, by 
means of which it is conveyed, elevated, and distributed in the 
bunkers, of 48 hours’ capacity, arranged above the retort benches. 





Coat-Gas Pant. 

The vertical retorts are of the Glover-West type, and are 
arranged in four benches. Benches “ A” and “B’’ consist each 
of five settings—of forty retorts—heated in units of four retorts 
each; each setting of eight retorts being supplied with fuel gas 
from one producer. 

The retorts, as originally installed, were 27 in. by 10}in. at the 
top, constructed with a suitable taper and of 23 ft. length. These 
are now being replaced by retorts 33 in. by to in. at the top with 
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a similar taper for a length of about 21 ft., after which the retort 
is abruptly enlarged to 39 in. diameter in a length of 4 ft., making 
the total. vertical dimension of the retort bench 25 ft. 

The retorts are thus provided with a’ chamber at the base, in 
which the temperature of the steam is raised to that necessary 
for the water-gas reaction at the expense of the residual heat of 
the coke, while the carbonizing capacity of the retort is increased 
by about 50 p.ct. 

The retort settings are also re-designed on improved lines, in 
which the secondary air is raised in temperature by utilizing the 
radiant heat of the division walls of the setting, thereby increasing 
the stability of the refractory materials. A further improvement 
is the provision of a second point of combustion midway along 
each chamber, so that, in conjunction with the internal waste-gas 
uptake, the heat is absolutely evenly distributed among the four 
retorts in each unit. 

Another feature of the reconstruction is the recently introduced 
West’s improved step-grate open-type producer. In this design 
of grate the formation of clinker, as this term is generally under- 
stood, is practically eliminated. The area of the grate, in terms 
of weight of fuel consumption, is considerably increased, tbus 
ensuring the slow travel of air and gases through the fuel bed. 

Further, as will be seen from the drawing, the outline of the 
grate is so shaped and disposed in relation to the producer-gas 
uptake that the zone of maximum temperature is kept low in the 
fuel bed; the minimum length of travel through the fuel occur- 
ring at the middle of the grate. Any melting of ash, therefore, 
occurs in a position from which it is readily pushed forward into 
the fuel, and extracted at the bottom of the grate. The result is 
a notable saving of fuel, together with a considerable reduction in 
the labour and time required for cleaning fires. 

Provision is also made in the reconstruction for the installation 
of waste-heat boilers to recover a large proportion of the heat 
carried to the chimney, and to return it to the retorts in the form 
of superheated steam. These boilers are of Galloway’s “ Sentinel” 
water-tube type, arranged on a by-pass from the chimney and 
operated entirely by natural draught. : The waste gases, after 
leaving the setting, can be passed partly or wholly through the 
boiler or the chimney, by the simple manipulation of the dampers, 
without in any way affecting the chimney pull on the setting. 

Each boiler consists of an inner and an outer shell, with a 
water space between, and so proportioned that the inner can be 
withdrawn from the outer shell, exposing the whole of the interior 
area of the boiler to direct \isual inspection—a very valuable 
feature peculiar to this design of boiler. The water tubes are ex- 
panded into the inner shell, and are so disposed across the pas- 
Sage way of the waste gases as, while thoroughly splitting up the 
gases, to render the tube surface highly efficient without appreci- 
ably impeding the flow of gases to the chimney. The tubes are 
also sufficiently inclined to the horizontal to ensure thorough 
circulation of the water. In addition to the unequalled facilities 
for inspection of the interior of the boiler and the tubes, covers 
are provided for inspecting the latter when desirable. 

The steam from the boiler passes to a superheater in the form 


Purifier Installation. 








of a conical coil arranged above the boiler. The superheater is 
enclosed in a light steel shell lined with firebrick; and both the 
superheater and the boiler are thoroughly lagged. It will be ob- 
vious that, inasmuch as the waste gases are enclosed, first in the 
anoular water space of the boiler and then by the lagging, losses 
by radiation are reduced to a very low proportion, and working 
conditions on the top of the retort bench greatly improved. 

The heat efficiency of this boiler in a recent test has been 
shown to be 85 p.ct. It was shown that 50 p.ct. of the heat 
leaving the settings is returned to the retorts in the form of 
superheated steam. 

Each boiler is fully provided with the usual fittings, together 
with automatic feed-water regulators and water-level alarms, 
which render the services of a boiler attendant unnecessary. The 
feed pumps are in duplicate—one steam driven and one electri- 
cally driven; the latter being very convenient when starting the 
boilers up from cold. All boilers and retorts are interconnected 
by means of well-lagged steam pipes; and the whole system is 
amply provided with safety valves, reducing valves, regulating 
valves to the retorts, pressure gauges, and thermometers. 


Coxe ExTRAcTors. 


The cast-iron worm-type coke extractors have been in con- 
tinuous operation for eleveh years in benches A and B, Their 
condition, however, is so good that the original castings will be 
replaced in the reconstructed settings. All necessary repairs to 
the vertical shafts and the driving gear will be made, and the 
whole apparatus restored to efficient working order at very small 
cost. 


Coxe CoNnvEyors. 


Coke is discharged from the bottom mouthpieces of the retorts, 
and directed by means of a travelling shoot to a West’s drag- 
link coke conveyor. 

From each of the four conveyors the coke is received by an 
automatic skip-filling apparatus, whence it is taken charge of by 
the telpherage system. 

The electrical telpherage plant is constructed on the mono-rail 
principle, and is arranged to convey coke from the conveyors to 
the yard for storage, to the screening plant with storage hoppers 
for supplying road vehicles, and to the water-gas plant. The 
total length of track is 675 ft., and the height 48 ft. It was 
installed by Messrs. Robert Dempster & Sons, of Elland. 

The system is provided with four Brooks and Dempster telpher 
machines, each capable of hoisting a gross load of three tons at 
a speed of 80 ft. per minute, and of travelling at a speed of 500 ft. 
per minute. The 440-volt direct current is collected from aid 
returned through two lines of §-section trolley wires fixed with 
insulation to the trestles of the track. 

Each telpher machine is provided with two self-tipping skips, 
each of a capacity of 25 cwt. of coke, equipped with a tipping 
catch released by a cord passing through the driver’s cabin 
The tipping cord is so arranged that it is wound-up by means of 
counter weights when the skip is hoisting, and automatically paid 
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View of Abattoir Site, North of the River Blackstaff. 


out when lowering, so that the driver can tip the skip at any 
desired height. 


PoweErR Hovuse, 


The plant contained in the power house consists of three 120 
B.H.P. National gas engines direct coupled to three 74} kw. 
generators manufactured by the Lancashire Dynamo Company, 
Manchester. The switchboard and electrical equipment was in- 
stalled by the General Electric Company, Belfast, and the light- 
ing generator, of the bi-polar type, by the Electric Construction 
Company, Wolverhampton. 

Direct current at 440-volts is supplied from this plant to all 
the electrically-driven apparatus about the works, including coal 
breakers, coal and coke conveyors, coke extractors, lifts, and 
coke-screening plant. ; 

CoNDENSERS. 


The condensing plant consists of six water-cooled, two atmo- 
spheric, and two annular sets ; the whole being capable of cooling 
15 million c.ft. of gas per day. 

The new set of water-cooled condensers erected alongside the 
original plant take the gas from the vertical retorts, and are 
arranged to work consecutively, with water passing in at the gas- 
outlet end, and running through the three vessels to the inlet side. 
¥=:The original vertical-pipe condensers are of an interesting type; 
being so controlled that the gas may pass through all or any of 
the twin lines of pipes. The inlet is at the top, and the gas then 
flows in downward direction through each row of pipes. It was 
found quite impossible, however, to deal with present-day gas 
temperatures in condensers of this type. 


EXHAUSTERS. 


In September, 1920, Messrs. George Waller & Son installed two 
complete sets of exhausters, each of a capacity of 250,000 c.ft. 
of gas per hour. 

The complete exhausting plant comprises fifteen exhausters 
capable of dealing with 15 million c.ft. per diem. 


WASHERS AND SCRUBBERS. 


Two new Livesey washers have recently been installed, each 
capable of dealing with 3 million c.ft. of gas per day. 

The washers are fixed at such heights that the liquor passes 
through them in series. Contrary to the usual practice, the gas 
outlets are at the end, and the tubes run longitudinally, and a 
large sight glass is fixed across each end so that the action of all 
the tubes can be observed. 

The complete washing plant is capable of dealing with 11 
million c.ft. of gas per diem. There are also six tower scrubbers, 
each of 1} million c.ft. daily capacity, a total of 74 millions; and 
a further five towers are in existence, which can be filled and 
connected, making the total capacity of the scrubbing plant 
14 million c.ft. per day. 

PURIFIERS. 


The battery of six luteless purifiers, with overhead oxide floor, 
oxide-handling plant, roofs, and structures. were erected by 
Messrs. R. & J. Dempster, Ltd., in 1922 ; and this year a contract 
for a duplicate set has been placed with the same firm. On 
the completion of this work, the purification plant will comprise 
thirty-nine boxes capable of dealing with 20 millions a day. 

The new purifiers are erected upon a ferro-concrete raft on the 
abattoir site. The revivifying floor is upon steel 
stanchions above the boxes; the steel structure being extended 
4 support a double-span roof covered with corrugated asbestos 
sheeting. 

It will be observed that the centre stanchions pass through the 




























Purifier Installation and Gasholder under Construction. 


cast-iron duct between the two lines of purifier boxes. This duct 
acts as main inlet and outlet. The operating valves, of the Bears- 
cot type, are connected to it; and all the changes obtained with 
the usual combination valves are secured. The valves offer no 
obstruction to the removal of the covers or to the handling of the 
oxide; and when it is considered that, by the adoption of this 
system, at least 95 tons of metal at £30 per ton were saved, it 
will be agreed that this unique arrangement is an admirable 
feature. Further details of the arrangement will be gathered 
from the reduced line drawings here reproduced. Thecovers are 
manipulated by a Hovey crane, and the joint is made by a 
rectangular rubber and continuous sunk bar. The oxide-handling 
plant consists of four friction hoists driven by a gas-engine through 
rope gearing. Openings in the revivifying floor are suitably dis- 
posed over the purifier boxes. The oxide is raised, from any box 
as required, in skips and distributed over the floor, or collected 
again from the floor and replaced in the purifiers through canvas 
shoots. The whole operation is remarkably speedy and efficient. 
SEVEN-MILLION SPIRAL-GUIDED GASHOLDER. 


Work was commenced on the brick and puddle tank, 252 ft. 
6 in. diameter and 37 ft. deep. during 1921, and it was completed 
on July 1, 1922. It was decided to use a steam “ digger” down 
to the level of the top of the “dumpling”; and for this reason, 
instead of the usual internal shoring, a ring of piles was driven 
round the outer circle. The remainder of the excavation was 
carried out under some difficulties, owing to the presence of 
springs, and shoring had to be resorted to. The springs were 
trapped and fitted with stand pipes, and the water was utilized 
for filling the tank. 

The contract tor the gasholder itself was entrusted to Messrs. 
R. & J. Dempster, Ltd. The holder is constructed on the spiral- 
guided principle with four lifts: The inner lift is 240 ft. 3 in. dia- 
meter, the second 243 ft. 6 in., and the third 246 ft. 9 in., and the 
outer lift is 250 ft. diameter by 36 ft. 6 in. deep. It is provided 
with steel inlet and outlet pipes 48 in. diameter, with the outer 
vertical connections fixed in a dry well. 

The gasholder has been designed so that the inner lift shall 
give at least 53 in. pressure, to provide for which the inner lift 
carries about 100 tons secured to a stiffening girder attached to 
the cup channel iron. 

The illustrations here given are reproduced from some of the 
photographs taken by the gas-works’ staff, who have kept a con- 
tinuous photographic record of the work during progress. Some 
of the special features are mentioned below. 

To maintain the cups of each lift in a true circular form, heavy 
foot plates are attached ‘to the underside of the cups, and these 
are secured to the vertical stays, the lower ends of which are 
formed into brackets. The upper ends of the vertical stays of the 
second, third, and fourth lifts are kneed at the top and secured to 
the underside of the dip channels to prevent these being distorted 
when-carrying the weight of the lifts above. Cast-iron blocks 
are fixed to the underside of the dips, but the shortened apron 
plates of the cups bear against these, thus distributing the weight 
equally round the circle. 

The crown has a rise of 18 ft. above the curb of the tank. 
To reduce risk of leakage, the crown sheets are ‘all ro ft. long. 
The support for the crown sheets is of the Bearscot type, 
consisting of continuous circular bracket bars supported upon 
brackets resting upon ferro-concrete piers. This system was sO 
successful that the whole of the crown sheeting was fixed without 
the use of closing sheets. The only work marked off during 





erection was the circular seam where the light sheeting joins the 
heavy plating. " 
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sign for Elevation and Section of 7-Million Spiral-Guided Gasholder. 
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Plan of 7-Million -Holder. 
It will be seen that the circular bracket bars are continuous, and pass over the top of the supporting bracket bars, thereby ensuring 
a perfectly dome-shaped framework to support the sheeting. . 
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The Crown Partly Plated ready for Riveting. 


The carriages are of the Bearscot 4 in. roller all-steel type, as 
first adopted at Belfast on}the=three million gasholder erected 
some years ago, except that an important improvementihas been 
made. The rollers, injthis’case, are linked jtogetherjon opposite 
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The Framework supporting the Crown—during Erection. 


sides of the guide, so that the whole of the axles always come 
into play to carry the load—making the carriage, in effect, nearly 
double the strength of the previous type. 

The whole of the riveting has been carried out by pneumatic 














Views showing Foot-Plate and Vertical Stays for Second Lift, and Vertical Stays for Inner Lift. 
The ring round the inside of the inner lift stiffens the cup and carries the extra weight necessary to give the required pressure, 


power, duplicate gas-engine-driven air compressors having been 
put down for the purpose. 

The cups and dips are 30 in. deep, giving a minimum seal of 
to in. when the holder is fully inflated. The upper rows of the 
plating of each lift are carried up about 3 in. to prevent the paint 
work of the holder being disfigured, and to prevent the corrosion 
of the steelwork. 

Handrailing is provided round the curb of the gasholder and 
each dip, and access is obtained to the top by means of a con- 
tinuous ladder fixed to the outside of the sheeting. Safety stops 
are provided on the upper ends of the spiral rails. Anti-freezers 
are also provided, though severe frost is rare in Belfast. 

When this holder is completed, the entire storage capacity will 
be approximately equal to twenty-four hours’ consumption of gas. 


METERS AND GOVERNORS. 


The measuring plant throughout the works comprises eight 
Parkinson & Cowan positive meters capable of dealing with 
1,117,000 c.ft. of gas per hour. The governors are of the Parkin- 
son & Cowan type, six in number, one for each lighting district. 
The pressure is kept at 35-toths for the day load and 45-1oths 


for the night load. 


CoNncLUSION. 


It is satisfactory to note that in this centenary year of gas 
lighting in Belfast, the gas-works are in a thoroughly modern con- 
dition, and that a site, deemed to be insufficient for the require- 
ments of the city in 1910, is, due to the developments described 
in the foregoing pages, more than sufficient for present-day needs, 
with room for considerable extension in the future. 
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GENERAL REPORT. 








Tue Annual General Meeting of the Institution was held on Tuesday, Wednesday, and 






Thursday of last week, June 26 to 28, in the City Hall, Belfast—Mr. James D. Smitn, 


A Welcome to the City. 

As soon as the members had taken their places, 

The Rt. Hon. the Lorp Mayor or Betrast (Alderman 
W. G. Turner, J.P.) said: Gentlemen, as the official repre- 
sentative of the City of Belfast, I give you a very cordial 
welcome to our midst. As Lord Mayor, I was particularly 
pleased to know that your Institution had accepted the in- 
vitation extended last year by my predecessor ; and it is the 
hope of all the citizens of this the Capital of Ulster that 
you will have a most profitable and enjoyable annual con- 
ference. You are to be congratulated upon having as your 
President this year Mr. James D. Smith, the Belfast Gas 
Engineer. [Applause.] He is an official of the Corpo- 
ration who, by his splendidly successful management of 
the gas undertaking, has well earned the thanks of the 
Council and of the community. So far as the gas under- 
taking is concerned, it is one of which we are very proud ; 
and I am delighted to say that the financial year just closed 
has been a record one. Those of you who have not been in 
Belfast before will no doubt be struck by the go-ahead 
character of the city, by our busy and well-lighted thorough- 
fares, by our up-to-date tramway system, by our palatial 
public buildings, by our municipal enterprise and our trades 
and industries, and by our handsome business premises. We 
shall be glad if you will take note of all these things, and so 
return to your various centres impressed by what you have 
seen and heard. I am afraid that Belfast is not so popular 
across the water as it should be; and we think that the best 
way to secure public opinion in our favour is for the public 
to visit us and see what we have done for ourselves in order 
to realize our aims and objects. I shall have the pleasure 
of meeting you again; and, in the meantime, I hope that 
everything which can promote your comfort and enjoyment 
will be attended to, 

The Presip—ent: My Lord Mayor, on behalf of the 
Institution of Gas Engineers, may 1 say. how very much all 
the members appreciate your cordial welcome to Belfast. 
We could wish for no better augury for the success of our 
meeting here than the presence of the Lord Mayor of this 
city, and the expressions of goodwill which you have just 
given tous. The members of our Institution, together with 
their ladies, look forward with great pleasure to meeting you 
and the Lady Mayoress this evening; and, knowing the 
many and important duties which fall to the lot of the Lord 
Mayor of a city of the size and importance of Belfast, 
we well understand that you must now leave us. May I 
again say how grateful we are for your kind and warm 
welcome. 


Confirmation of Minutes. 

The PresipENT: The first business before us is the con- 
firmation of the minutes of the last annual general meeting 
and the intervening special meeting. 

These were confirmed, on the proposition of Mr. E. H. 
Hupson (Normanton), seconded by Mr. W. H. Apams 
(Bilston). 

Appointment of Scrutineers. 

The PrEesIiDENT: We have now to proceed to the appoint- 
ment of Scrutineers for the examination of the balloting- 
lists. The names suggested are those of Mr. A. W. Branson 
(West Hartlepool) and Mr. John Terrace (South Suburban 
Gas Company). 

This was agreed to, on the motion of Mr. SamuEL 
GLover (St. Helens). 


Overseas Members. 
The Presipent: Mr. P,C. Holmes Hunt, of Melbourne, 


is attending the meeting; and to him, as well as to any other 
overseas members present, we extend a hearty welcome. 





M.Inst.C.E. (Engineer and Manager of the Belfast Corporation Gas- Works), presiding. 








Presentation of the Birmingham Medal. 


The Presipent: Now, will Mr. W. Doig Gibb kindly 
come on to the platform. Mr. Doig Gibb, the Birming- 
ham Medal is the greatest honour and distinction the gas 
industry has in its power to confer upon one of its members ; 
and in presenting it to you on behalf of the members of the 
Institution of Gas Engineers, I should like very briefly to 
say that you have richly deserved the honour; that you have 
reached a position of eminence of which we are all very 
proud; that we admire and appreciate the grit, determina- 
tion, and capacity which have enabled you to attain your 
present position; that we are pleased to confer an honour 
on one who has enhanced the standing and dignity of our 





MR. W. DOIG GIBB, M.Inst.C.E. 


industry ; and, further, that, while the Birmingham Medal 
has been awarded only to eminent and outstanding men in 
the past, your name added to that list brings distinction and 
prominence to our industry. The presentation of the medal 
to you also gives me an opportunity of saying how very 
much we appreciate and admire the signal service you 
rendered to the country during the great war by the unstinted 
use of your ability and experience in the Ministry of Muni- 
tions, in organizing the gas industry to perform those ser- 
vices which the nation’s needs demanded. It is the sincere 
wish of all the members of the Institution that you may long 
be spared to enjoy the honour and distinction which the 
medal carries with it, and which you have so fully merited. 
Mr. W. Doic Giss (London), who was accorded a most 
hearty reception, said: Mr. President, ladies, and gentle- 
men, I am quite sure that I do not deserve all the many kind 
things that your President has said. I must, however, con- 
fess that I am very proud of having been elected to receive 
this medal. I did not do any more for the industry than any 
other man in the industry would have done; but I happened 
to be in the position that I was not tied to any particular 
office, and therefore it was easier for me than for most of 
you to help in the Munitions Department. It is especially 
pleasing to me to have secured this medal, because, while | 
started my work in the Department with practically every gas 
engineer my friend, I felt that repeated refusals for such things 
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as gas oil and other materials were rapidly making many of 
them not quite so friendly towards meas was previously the 
case. Therefore when you came along and voted that I should 
receive this medal, it showed me that I was wrong in think- 
ing that I had hurt your feelings at a time when I wascom- 
pelled to be very severe and strict. As the President has 
referred, in connection with the medal, to my war services, 
I would like to take this opportunity—the only one I may 
have—of pointing out to you that the medal was certainly 
partly earned for me by my colleague, Mr. Halford. We 
worked together splendidly. He was a very able man ; and 
I should like publicly to say that-whatever I did manage to 
do for the industry was largely due to the encouragement 
and help that I received from him. I know you have a lot 
of business to get through at this meeting ; and I will only 
thank you very sincerely for your great kindness. I shall 
be very happy when I resume my private seat. When I 
was sitting there, it reminded me of a somewhat. similar 
occasion 27 years ago, when I was, in a very timid way, ina 
church waiting to receive a great treasure. In like manner 
to-day it is a great treasure that I am receiving, and one that 
will be kept as an heirloom in my family. “I thank you 
again, Mr. President, and my brother engineers, for your 
great kindness. 


Messages from France and America. 
The Secretary (Mr. Walter T. Dunn): We have re- 
ceived the following message from the French Society of 
Gas Engineers : 


_. Tothe President: In the name of the Committee of the 
Société Technique de L’ Industrie du Gaz en France, I send 
to you an expression of our very cordial sentiments, and our 
best wishes for a successful meeting.— RowLanp, President. 


We have also received a telegram from the American 
Gas Association : 


The officers and Executive Board of the American Gas 
Association extend fraternal greetings to the Institution of 
Gas Engineers, and their best wishes for a successful meet- 
ing and the prosperity of the gas industry of Great Britain. 
—Foae, American Gas Association. 


The PresipENT: I am sure it is your wish that we 
should send suitable replies to the American Gas Associa- 
tion and the French Gas Society. 

This was agreed to with acclamation. 


A Rotary Club Invitation. 


The Prestpent: The officers of the Rotary Club of 
Belfast request the pleasure of any Rotarians attending 
the annual meeting of the Institution of Gas Engineers to 
lunch at the Carlton Restaurant, Donegall Place, at 1 o’clock 


to-day. In regard to the members whoare staying at New- 
castle, curfew permits have been found to be necessary; 
and we have them here. Those staying at Larne will re- 
ceive their permits at Larne. 

Mr. Samuet Gover: Is some Rotarian to take it upon 
himself to act as organizer of the Rotarians who desire to 
accept the invitation which has been so kindly sent to 
them ? 

The Presipent: I think we shall all wish to express our 
thanks to the Rotary Club. Alderman Waddington is the 
gentleman who has organized this invitation ; and if any of 
you here who wish to go will get into touch with him, he 
will give you all particulars. I take it that you will desire 
to express the hearty thanks of the meeting to the Rotary 
Club for extending the invitation to us. 

The thanks of the meeting were accorded. 


The Presidential Address. 

The Presipent, who was greeted with loud applause, 
then rose to deliver his address, which will be found on 
P. 95: ; 

Vote of Thanks to the President. 

Mr. A. E. Broapperry (Buckhurst Hill): It is now my 

pleasure and privilege to propose a very hearty vote of 


thanks to our President for the address to which we have 
just listened. I feel quite sure that you will all agree that it is 
a most excellent address. From the very first moment, those 
of us who knew our President, and knew that we were tc 
have the privilege of listening to him, have been looking 








forward to this day; and we are now both pleased and 
gratified with the address which he has given to us. Every- 
thing bids fair for a most successful meeting; and the ad- 
dress isanadmirable commencement. We are not privileged 
publicly to discuss the Presidential Address ; but I have 
not the slightest doubt that everyone of us will be discussing 
it privately during the rest of the meeting. It is, however, 
our privilege to congratuiate our President on the highly 
successful results of his bold engineering azd guidance in the 
revision of his works and the development of the business ; 
and we not only offer him our heartiest congratulations on 
the success of his work, but our thanks for the address. It 
will be a very valuable addition to the records of the Insti- 
tution. I therefore have the greatest pleasure in formally 
proposing that we offer him our very hearty thanks. 

Mr. Tuomas Harpie (Gas Light and Coke Company) : 
It requires no words from me to commend this resolution to 
you. The Lord Mayor, in welcoming us here, said that it 
was well-for us to visit the city, to get to know it ; but we 
did not require to come to Belfast to get to know Mr. Smith. 
[Hear, hear.] When we elected him President, we ex- 
pected much from.him; and I am sure, from his address to- 
day, we are very well pleased indeed, and we must con- 
gratulate him upon it. It is anaddress on his own practical 
experience. It shows us the care with which he has studied 
the problems he has had to face; and he has given us the 
information for our own guidance in similar circumstances. 
I congratulate him; and I am sure you all most heartily 
thank him for his address. 


The vote of thanks was accorded with enthusiasm, 


The Presipent: Mr. Broadberry, Mr. Hardie, ladies 
and gentlemen, I thank you sincerely for your approval 
of my little effort this morning. I trust the brochure which 
has been handed to you all, if it is used in connection with 


my address, will explain a few of the points 1 may have 
skimmed. Before concluding, I should like to say how 
greatly I appreciate such a large attendance. 1 thank you 
very heartily for the way in which you have received the 
address. 


Annual Report and Accounts. 
[See “ JournaL” for June 13, p. 659.] 

The PresipenT: I have now to move that the annual 
report of the Council for the year ig22 23, and the accounts 
for 1922, a copy of which has been sent to every member, 
be taken as read, and that they be adopted. 

Mr. JAMES Paterson (Cheltenham): I beg to second that 
proposition. 

The PresipeNnT: Are there any remarks on the report ? 


Mr. W. B. M‘Lusky (Halifax): I have a question to ask 
with regard to the Gas Investigation Committee. The Com- 
mittee state that ‘Mr. J. H. Brearley has ceased to be a 
member of the Committee;’’ and I want to inquire how this 
has occurred. Has Mr. Brearley resigned? It would appear 
from this statement that he has; but I find Mr. Brearley 
has really been discharged without option. 


Mr. SaMuEL GLoveER: No, no. 


Mr. M‘Lusxy: Perhaps that is not correct; but I should 
like to have a satisfactory answer. Those of us who had 
the privilege of iistening to Mr. Brearley in 1907 will agree 
that he was a very suitable man for this kind of work. I 
hope the day has not arrived when the moment a man ceases 
to be a member of the Council of the Institution, he is to be 
discharged without notice from the work he is doing. If 
that is not the case with Mr. Brearley, will someone please 
give us an explanation? I am very sorry indeed that I 
should have to ask this question when you, Mr. President, 
an old friend of mine, occupy the chair; but I do so with 
all the more courage, knowing my old friend will see that a 
satisfactory answer is given. 

Mr. Samu Taac (Preston): The explanation that Mr. 
M‘Lusky seeks will bé found to be a simple one. Each 
year, when the Committees are re-elected for Carrying on 
the work of the Institution, it is necessary, as members 
leave the Council and are replaced by other elected mem- 





bers, to ensure that the actual Council have adequate repre- 
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sentation upon the Committees for doing the work of the 
Council. The Gas Investigation Committee were appointed 
a number of years ago; and Mr. Brearley was one of the 
first members, because of his particular qualifications for 
the work. During the whole time on that Committee, his 
work was of the utmost value; but, as years went on, you 
had the original Committee, and it was also desirable to 
retain as many names of men who were engaged in work 
of this character as possible, with the result that the Com- 
mittee grew into one of very large proportions, because each 
year the Council necessarily placed on the Committee some 
of its present members. You will, of course, appreciate that 
the Council are responsible to the members for the admi- 
nistration of the funds and the conduct of the affairs of the 
Institution ; and unless you are going to get Committees of 
perfectly unworkable proportions, and, incidentally, make 
the cost of calling the meetings almost prohibitive, you must 
delete from time to time the names of men who have done 
useful work, because you must ensure representation on 
those Committees of men who for the time being are re- 
sponsible to the Institution. Therefore Mr. Brearley’s name 
was deleted last year, without in any way reflecting upon his 
work. The Council have expressed their very great appre- 
ciation of his services; and he merely passes through the 
course of time to allow of representation by his successors 
on the Council. There was no personal feeling. The 
Council have at all times appreciated his work. I think 
this must be taken as an explanation of the position. 


Mr. M‘Lusxy: I do not think it is at all a satisfactory 
explanation. Mr. Tagg has made a very fine speech, and I 
admire it; but I want my answer, which I have not had. 

The Presipent: May I point out to Mr. M‘Lusky that 
when a man is appointed a member of a Committee or a 
member of the Council of the Institution of Gas Engineers, 
he is not made a life member. Mr. Brearley has really no 
right to find any fault at all. He has been dealt with very 
fairly indeed; and on two occasions this matter has been 
explained to him. Mr. Brearley may not accept our ex- 
planation ; but we cannot help that. 

Mr. M‘Luskxy: I accept that. Itis perfectly plain. We 
know now what is going to happen. That is a very satis- 
factory explanation. Thank you very much. 

The report and accounts were then unanimously adopted. 


The Education Scheme. 


The PresipenT: Arising out of the annual report, Mr. 
Glover has a resolution on the education scheme. 

Mr. SamueEt Gtover: | rise to bring before your notice 
an amendment which it is proposed to make in the scheme 
for the education and certification of those engaged in the 
technical work of the gas industry. In the absence of Mr. 
Goodenough, who is Chairman of this Committee, I, a mem- 
ber of the Advisory Committee, am asked to draw your 
attention to the fact that, after having brought the scheme 
as far as we have, to as near perfection as possible, for it to 
work in England, we have now received from the Scottish 
Education Department an expression of their willingness to 
co-operate in the establishment of the Institution scheme of 
education in Scotland. This requires, therefore, that the 
scheme, as printed and published, and accepted by you, should 
be amended in such detail as will enable us at once to include 
the Board of Education of Scotland; and, standing as I do 
in Ulster, 1 am very pleased to be able to announce to you 
that we are already hopeful of receiving from the Depart- 
ment of Education in Ulster, and also of the Free State, an 
expression of their desire and consent to join this same 
scheme when it is enlarged as I am going to ask you now to 
enlarge it. The important amendment is to paragraph 14, 
which will read, as we propose to draft it, as follows: 

For the purpose of carrying out this scheme, the following 
appointments will be made. An Advisory Committee of not 
more than fifteen [instead of twelve as at present] members 
nominated by the Institution of Gas Engineers and the Boards 
of Education for England, Scotland, and the Northern and 
Free States of Ireland. Their duties will be to advise the 
Institution and the Boards upon all matters arising out of 
the scheme, and to exercise such powers.as may, from time 
to time, be delegated to them. 

} have the utmost confidence in leaving that proposed amend- 
ment to you. We—the Advisory Committee—who have been 
working on this scheme for you, ask you to approve of the 





amendment of the scheme which you have already passed 
for England. I move that the rule be so amended. 

Mr. Harotp Davies (Chesterfield): I have pleasure in 
seconding that. 

Mr. Samuet GLover: I ask you to give us your unani- 
mous vote, so that we shall be encouraged and rewarded for 
what we have been doing for this scheme. 

Mr. Georce Dixon (Lancaster) :‘Is the proposal to in- 
crease the number of representatives solely due to the addi- 
tional representatives from the other countries now to be 
included in the scheme ? 

Mr. SamueL Gover: Exactly. 

Mr. Dixon: If so, I should like to put this question on 
behalf of some of the juniors who are possibly not repre- 
sented at this meeting. I think the juniors have a certain 
proportionate representation on the Advisory Board. Will 
their representation be increased in proportion now ? 

Mr. SamMuEL GLover: No; but the representatives of the 
juniors are quite satisfied with their representation, even 


when the numbers are increased to fifteen to include the 
new districts. 


The Presipent: I will now put to the meeting the motion 
that the scheme be amended as explained. 
The motion was carried unanimously. 
Revision of Articles of Association. 
The Presipent: Mr. Glover also has a resolution with 


regard to the mode of election of officers and members of 
the Council. ‘ 


Mr. Samugt Gtover: I have to bring before you, on 
behalf of the Council, a notice of motion for the revision of 
Article 40 of our Articles of Association. We have to admit 
that Article 40, as it now reads, has been found by the 


scrutineers and the Council generally, in their experience 
over many years, not fairly and correctly to bring forth the 
expression of the voting power of the members of the 
Institution. The Council have therefore felt that it was 
desirable to reconsider Article 40. As a matter of fact, the 
revision has been printed, and has been in your hands a 
short time. This is what it will bring about: We propose 
to remove the rather contradictory assertion in Article 40, 
which now reads that names can be erased, and other names 
submitted, on the voting paper ; it being stated in an earlier 
part of that article that notice of any such nominations must 
be sent in to the Council. We also propose to train our 
members—those who have not been so trained—in filling up 
the voting paper. I can assure you from my experience, 
not only in the Institution of Gas Engineers, but in other 
institutions, that it is necessary to educate members line by 
line and precept by precept, as the preacher says, correctly 
to read the rules and give expression to the reading of 
the rules in voting. It is a usual thing, even in the most 
educated departments of engineering, to find spoiled voting 
papers; but we want the Institution in the future to send 
in no voting papers that can be called spoiled. We wish 
the members to exercise the franchise which they have, 
and which I am sure they value. We therefore propose 
that the full number of those required for the Council shall 
be voted for, and no more, and that each member voting 
shall vote for the full number to fill the vacancies. The 
article will read — 


Each member and associate member shall vote by placing 
a cross against the names of those he desires elected; and 
the total number voted for shall be equal to thé total number 
of vacancies. Any balloting: list in which a member or asso- 
ciate member has voted for a number of names either more 
or less than the number of vacancies shall be rejected by the 
scrutineers. 


I ask you to strengthen the hands of the Council in this 
matter by unanimously passing this revision; due notice 
having been given. I am bringing the matter before you at 
the request of the President. 

Mr. Samuet Tacc (Preston): I beg formally to second 
the resolution. 

Mr. W. G. S. Cranmer (Willenhall): The proposed re- 
vision of this article is a great improvement on the existing 
one; but there is one part of it to which I object, and 
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that is that we should be compelled to vote for four mem- 
bers, when there might be someone to whom we take ex- 
ception. We should be obliged to fill up the voting paper 
for four, when we might only want to vote for two or three. 
There is no necessity, in my opinion, that one should be 
compelled to do this. I therefore move an amendment that 
the word “ either” and the words ‘less than” be deleted. 
The article will then read that if a member or associate 
member has voted for a number of names more than the 
number of vacancies, the voting paper shall be rejected by 
the scrutineers. 


Mr. F. C. Briccs (Dudley): I should like to second that. 
The amendment means that the total number voted for 
shall not exceed the number of vacancies, but it can be less. 
I should like to go a step farther than Mr. Cranmer. Many 


of the names appearing on the voting paper are household 
words, known to everyone. But the younger men especially, 
of whom I am one, cannot possibly know every name put on 
the voting paper; and, therefore, if you pass the resolution 
as it stands, we shall have to put the names ina hat and pull 
out four. . 


Mr. F. W. J. Betton (Macclesfield): I do not agree with 
the last speakers. As this resolution stands, I think they 
have the remedy in theirown hands. They have only to get 
three of their friends, and send in their nominations in due 
time to the Secretary, and then vote for their nominees. 

The Presipent: I should like to point out that we are 
asking you to do exactly the same as is done in connection 
with the Institution of Civil Engineers. In bringing for- 
ward this motion, we are trying to do away with “ plumping.” 


As things stand to-day, any district can put in its own man 
by voting for him without voting for any other; but I donot 
think that is the feeling which ought to exist in the Institu- 
tion. [* Hear, hear.”] We meet each other at our annual 
conferences ; and it is our business to get to know each 
other. I do not think the difficulty of being able only to 
choose one or two names should arise at all. I am very 
much in favour of the motion. 


Mr. F. H. Ropinson (Harrogate): I should like to ask 
whether we are sure of always having an excess of names 
over the number of vacancies. Insome District Associations 
the number of names submitted is equal to the number of 
vacancies; and this practically forces your hand. I think 
that in any case we should have an excess of names; so that 
we can make a selection. 

The Presipent: We usually have more names than 
vacancies—in fact, invariably. 

The amendment was put to the meeting, and only two 
votes were recorded in its favour. The resolution for alter- 
ing the article as suggested was then carried. 


Eighth Report of the Gas Investigation Committee. 

The Presipent: We have now to consider the Eighth 
Report of the Gas Investigation Committee—the “ ‘ Fair- 
weather’ Recording Calorimeter.” I will ask Mr. Wood to 
introduce the report. 

Mr. James W. Woop, M.Sc., then introduced the report, 
which has appeared in preceding numbers of the “ JouRNAL.” 
Some supplementary notes will be found on p. 102 of this 
issue.“ He remarked that one of these instruments had been 


installed at the works of the President in Ormeau Road; 
and when the members visited the works, he would be very 
pleased to retder any assistance he could to Mr. Smith and 
his staff in explaining the operation of the recorder to those 
desirous of inspecting it. 


Ninth Report of the Gas Investigation Committee. 
The Presipent: Now we come tothe Ninth Report of 
the Gas Investigation Committee—“ Aération in Atmo- 
spheric Burners.” Mr. Wood will introduce it. 
Mr. Woop, in introducing the report—see p. 104—said: 
The published work of the Gas Investigation Committee 
points to. the conclusion that there is a close connection 
between thermal efficiency in use and the degree of aération 
of particular gas mixtures. At the present time there seems 





to be no satisfactory means whereby the degree of aération 
may be predicted, nor can one state with any confidence the 
extent to which aération will be effected by specified altera- 
tions in working conditions. The present report is a de- 
tailed account of preliminary experiments which have been 
carried out to elucidate some of the points concerned with 
aération ; but it is clear that much more evidence must be 
collected before our knowledge of the subject can be con- 
sidered at all satisfactory. He read the principal items 
from the carefully prepared summary and statement of 
results appearing at the commencement of the report.* 


Mr. W. J. Smiru (Bolton): 1 beg formally to move the 
adoption of the report, which is an excellent one. Time is 
getting on, and I will not make any lengthy statement. 

Mr. Cuartes Dru Drury (Sunderland) : I have pleasure 
in seconding. 

There being no further comments, the motion was carried. 

The PresipENntT: That concludes our business for this 
morning. 


The Flow of Gas in Pipes. 


When the Institution meeting was resumed on Wednes- 
day morning—after the Benevolent Fund meeting, the 
report of which will be found on p. 94, 

The PresipDEntT said: I will now call upon Mr. Stephen 
Lacey to read his paper on “ The Flow of Gas in Pipes” 
—see p. 119. 
Tenth Report of the Gas Investigation Committee. 

The PresipenT: I will now ask Dr. Parker to introduce 
the Tenth Report of the Gas Investigation Committee— 
“ Further Examination of the Blue and Carburetted Water- 
Gas Processes.” 

Dr. A. Parker then introduced the report, which appears 
on p. 134. 

Prof. Cobb and the Reports of the Gas Investigation 
Committee. 


The Presipentr: Prof. Cobb has sent a letter which I 
will ask the Secretary to read. 

Prof. J. W. Cons wrote: Itis to our very great regret that 
Prof. Smithells and I find ourselves unable to attend the 
meeting at Belfast this year. The last week in June is 


also the last week of the University session, into which 
very important business has to be crowded, including the 
Examiners’ meetings, at which decisions have to be taken 
as to degrees and diplomas on the results of examination. 
I am certain that the members of the Institution will be 
pleased to learn that, though Prof. Smithells resigns this 
year the Chair of Chemistry, which he has held so long in 
the University, his connection with the research work of 
the Gas Investigation Committee will continue. I cannot 
but refer personally, as has already been done officially in 
our reports, to the great help in carrying out our investiga- 
tions which comes from the hospitality which the Birming- 
ham Gas Committee continue to afford us, and from the 
new association which has been established, through Mr. 
C. S. Shapley, between the Leeds Gas Committee and our- 
selves. We have now got a laboratory in active operation 
at the Meadow Lane Gas- Works. 

As regards the work of the past year, that on the “ Fair- 
weather ” recording calorimeter has been already reported. 
The study of the aération of gas-burners has aimed, we 
believe successfully, at placing information in the hands of 
gas engineers (and others) which bears not only on the 
design of burners, but on questions that are constantly 
arising as to what are the effects on aération which result 
from changes in pressure or density of the gas supplied. 

The further investigation of the blue water-gas process, 
which forms the substance of the Tenth Report, has brought 
out some interesting results, particularly on the influence of 
using a shallower fuel bed. Substantially it may be said 
that what is plain from our work is the peculiar, complica- 
tion which results from the alternating use of air and steam. 
The production of a high CO, and a low CO from a hot 
fuel bed of carbon blown with air, can only be brought 
about when the contact with carbon is imperfect. When, 
however, contact is deficient for air in the blow, it is almost 





* For a summary of the results given in these reports, see our ‘‘ Review 





of the Proceedings '’ on previous pages. 
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certain to be the same for steam in the run; and in this way 
the quality of the water gas made is impaired if the bed is 
too shallow, and any high rate of working is maintained. 

I should like to add my personal testimony to that of the 
Committee as to the very excellent work which has been 
done by the staff during the year, and particularly by the 
two Research Chemists, Mr. James W. Wood and Dr. A. 
Parker, who are so specially responsible for the results 
obtained. 

The Research Committee have a full programme for next 
year, and one item will bring into use the experimental gas 
plant, the gift of Mr. Henry Woodall, the erection of which 
is now very nearly completed at the University of Leeds. 
In the William Young Memorial Lecture in 1918, and on 
other occasions since, I have called attention to the advisa- 
bility of carrying through, assoon as possible, a slow fractional 
carbonization of coal on a scale bigger than that of the 
laboratory—temperatures being raised very gradually with 
the minimum of cracking effect, and the products subjected 
to examination. What was described as necessary for the 
purpose was “something in the nature of a small gas plant 
designed primarily to allow of the most effective control of 
temperature, and every other determining condition.”” Such 
a plant is now in our possession ; and the Gas Investigation 
Committee warmly approve this subject of research, which 
ought to yield, we believe, very valuable information. 


Institution Gas Fellowship. 

Mr. Stuart Pexton, M.Sc., next introduced the Institu- 
tion Gas Fellowship report—see p. 160. 

The Presipent: As this is the first time Mr. Pexton 
has appeared before us, I think you will all agree with me 
that it is particularly opportune that we should offer him 
our congratulations on the very lucid manner in which he 
has presented this report. 


The President and Vice-Presidents. 


The PresipentT: The next business is the announce- 
ment of the Scrutineers’ report. As President, Mr. Samuel 
Tagg, of Preston. [Loud applause.] 

Mr. Samuet Taac: I very much appreciate the honour 
you have done me in electing me to this office; and I am 
quite sure that I shall also have an increasing realization of 
the responsibility. I shalldo what lies in my power to assist 
the Council in the conduct of the affairs of the Institution, 
so as to produce the maximum benefit to the members. 

The Presipent: As Junior Vice-President, Mr. J, 
Ferguson Bell, of Derby. Iam sorry that Mr. Bell is not 
able to be with us. He is rather poorly; but he had signified 
his intention of accepting office if nominated. 


List of New Officers. 
President.—Mr. Samuel Tagg, of Preston. 
Vice-President—Mr. J. Ferguson Bell, of Derby. 


[The Vice-President remaining in office is Mr. James 
Paterson, M.A., of Cheltenham.] 


New Members of Council.—Messrs. J. M. Campbell (Mar- 
gate), J. W. M‘Lusky (Glasgow), Hubert pumey 
(Leicester), and C. S. Shapley (Leeds). 


Auditors—Mr. S. Y. Shoubridge, of Eastbourne, and 
Messrs. Wood, Drew, and Co. 


Hon. Secretary.—Mr. W. E. Price, of Hampton Wick. 


The PresitpENT: You will see that Mr. Price has been 
re-elected as Hon. Secretary. [Applause.] 

Mr. Price: It gives me great pleasure to rise and say 
“ Thank you” for again doing what you have done for some 
years past; but I really think it is time you began to think 
otherwise. Let someone else have a goat it. I am pleased 


to carry on the work; and while I have the health and the 
opportunity, I will do my best for the Institution as I have 
done in the past. 


The PresipenT: All the candidates proposed for mem- 
bership have been elected. There were five spoiled papers, 
and 340 papers in order.. That terminates the proceedings 
for this morning; and luncheon will be served in the adjoin- 


The Roll of the Institution. 


The roll of the Institution was increased by the addition 
of the following names: 


MEMBERS. 


Anderson, George James William, Engineer’s Assistant, South 
Metropolitan Gas Company. 

Ashworth, John D., formerly Engineering Assistant, Portsea 
Island Gas Light Company, Portsmouth. 

ie James Arthur, Manager, Gas-Works, Chatteris, 

am 

Buckley, William, Engineer and Manager, Gas - Works, 
Tralee. 

Cleland, Alexander M’Ivor, Distribution Superintendent, Gas- 
Works, Belfast. 

Cotton, Henry Fitzsimon, Distribution Engineer to the Alli- 
ance and Dublin Consumers’ Gas Company. 

Cowley, WilliameAndrew, Secretary and Manager, Gas- 
Works, Spennymoor. 

Currier, George Ernest, Works Superintendent, Gas- Works, 
Smethwick. 

Diamond, Claude, Engineer and Manager, Gas and Water 
Works, Barrow-in- Furness. 

Ellacott, Percival Brook, Manager, Gas- Works, Waterford. 

Fairweather, Charles, Engineer, Gas- Works, Kilmarnoek. 

Giles, =— Engineer and Manager, Gas-Works, Sandwich, 
Kent. 

Hetherington, William Bowness, Manager and Secretary, 
Gas- Works, Keswick. 

Hollings, Harold, M.Sc., Senior Gas Chemist, South Metro- 
politan Gas Company. 

Hunter, Frederick Slater, Engineer and Manager, Gas- Works, 
Ormskirk. 

Kaye, Herbert William, Engineer and Manager, Earby and 
Thornton Gas Company, Yorks. 

Madsen, H. Adolph, Resident Senior Assistant Engineer, 
Bow Common Works of the Gas Light and Coke Com- 


pany. 

Martin, George William, Manager, Gas- Works, Houghton-le- 
Spring. 

Molin, Adolph, Engineer, Vaerta Gas-Works, Stockhoim. 

Moore, Edward, Engineer, Manager, and Secretary, Gas- 
Works, Wirksworth, Derbyshire. 

Park, Joseph, Engineer, Manager, and Secretary, Gas- Works, 
Hemsworth, Yorks. 

Precious, John Walter, Manager and Secretary, Gas-Works, 
Haverton Hill-on-Tees, 

Price, meray Thomas, Manager, Gas-Works, Hampton 


ea David, Engineer and Manager, Gas-Works, Hamilton, 
N.B. 


Robb, John, Manager and Assistant Engineer, Gas-Works, 
Chepstow. 

Sadler, Stanley James, Manager, Gas-Works, Solihull. 

Seabrook, Arthur Hugh, Consulting Gas Engineer, Sir 
Charles Bright and Partners, Ltd., 146, Bishopsgate, 
London, E.C. 

Stewart, George Henry, Engineer and Manager, Gas- Works, 
Cannock, Staffs. 

Taylor, Albert Cecil, Engineer and Manager, Gas-Works, 
Royston, Yorks. 

Turnbull, Hector, Engineer and Manager, Gas-Works, 
Cleator Moor. 


AssociATE MEMBERS, 


Battersby, Walter Howarth, Chief Technical Assistant, Gas- 
Works, Bury. 

*Bennett, Tom William, Assistant Engineer, Gas-Works, 
Gravesend. 

*Boulter, Lawrence Walter, Engineering Assistant, Commer- 
cial Gas Company, Poplar, E. 

Corbin, Arthur Charles Stanbury, Technical Assistant, Gas- 
Works, Exeter. 

Cottrell, William Ernest, Chief Draughtsman and Engineer’s 
Assistant, Gas-Works, Leicester. 

*Cronshaw, Oswald Pilkington, Technical Assistant, Gas- 
Works, Accrington. 

Doak, Joseph, Burgh Lighting Inspector, Greenock Cor- 
poration Gas Department. 

Douglas, Robert, Chemist and Dranghtsman, Gas-Works, 
Workington. 

*Edmonds, Frederick John, Assistant to Engineer, Gas- Works, 
Bishops Stortford. 

Greenhalgh, Frank, Resident Works Manager, Gas-Works, 
Oldham, 

*Gregory, Richard Stanley, Sulphate Plant Chemist, City of 
Birmingham Gas Department. 

Harrison, Thomas Walter, Distribution Superintendent, 
Southgate and District Gas Company, New Southgate, 
London, 

*Higton, Francis Henry George, Technical Assistant, Gas- 
Works, Gosport. 
*Palmer, Lionel Verney, Engineering Assistant, Gas-Works, 
Brighton, 
Payne, George Leslie Graham, Technical Assistant, Portsea 
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Stevens, Frederick William, Chief Chemist, Leicester Cor- 
poration Gas Department. 

Temblett, Garnet Templeman, Assistant Manager and Sec- 
retary, Gas:Works, Andover. 


Thomas, Arthur Julius Osman, an Assistant Engineer, Gas 
Light and Coke Company, Westminster, 
Wakerley, Vincent Edward, Assistant Superintendent, Ayle- 
stone Road Gas- Works, Leicester. 
Walmsley, George, Resident Superintendent and Assistant 
Engineer, Gas- Works, Londonderry. 
*Waterfield, William James Reginald, Works Assistant, 
Southall Station of the Brentford Gas Company. 
* Formerly a ‘‘ Student.”’ 
ASSOCIATES. 


James, Thomas Bernard, Secretary and Manager of the Dis- 
tribution Department, Gas- Works, Gloucester. 

Lewis, Arnold John Pearce, Superintendent of Laboratory 
and Testing Works, Fuel Research Station, New Den- 
ham, Uxbridge. 


The Flow of Gas. 
Prof.-W. B. Morton, M.A.,on Wednesday evening, gave 
a very interesting lecture on “ The Flow of Gas,” at Queen’s 
University. 
A précis of the lecture appears on p. Io1. 
Distribution in Belfast. 


Mr. A. M‘I, CLELanp, of Belfast, opened Thursday’s pro- 
ceedings with a paper on this subject—see p. 174. 


Ammonia Yields from Vertical Retorts. 


Mr, GrorcE Braipwoob, of Coatbridge, followed with a 
paper on “ Ammonia Yields from Vertical Retorts,” which 
will be found on p. 180. 


Refractory Materials Research Committee Report. 
The PresipENnT: I will now ask Mr. Broadberry to pre- 
sent and move the adoption of the report of the Refractory 
Materials Committee. 
Mr. A. E. Broapsperry introduced the report, adding 
some remarks reproduced at the end of it—p. 157. 


Life of Gas-Meters Committee. 


The PresipEntT: We will now take the report of the 
Life of Gas-Meters Committee ; and I will call upon Mr. 
Parkinson. 


Mr. B. R. Parkinson submitted the report, from which 
he read some extracts. In moving its adoption, he made 
the remarks which follow the report—p. 190. 


New Honorary Members. 


The PresipEenT: I have much pleasure in moving the 
election as honorary members of the Institution of the 
Presidents of the Société Technique de 1|’Industrie du Gaz 
en France, the American Gas Association, and the Italian 
Association of Gas and Water Engineers. I am very 
pleased also to propose the name of Mr. B. R. Parkinson. 
We all know the good work Mr. Parkinson has done for 
this Institution [‘* Hear, hear’’]; and I now move that his 
name be added to the list of honorary members. 

Mr. W. E. Price: I have very much pleasure in second- 
ing the proposition. Perhaps those of us on this side of 
the table—if there are two sides—know more of what Mr. 
Parkinson has done than some other members do. But 
those who have been interested in the Life of Gas-Meters 
Committee report are able to see in it a good deal of what 
Mr. Parkinson has ‘accomplished. He has been of great 
assistance to us in all the investigations. 

The motion was very heartily agreed to. 

Mr. Parkinson: Mr. President and gentlemen, I thank 
you for this honour, and I cannot better express my grati- 
tude than by saying that I know of no other honour that I 
could desire or choose. I believe that I have done work by 
my inventions, and by my writings, which, directly or in- 
directly, has made for a great saving of gas and of revenue 
in distribution. In doing that work, I have often cast my 
bread upon the waters; and I am now finding it after many 
days. I receive this honour at the hands of a great and 
generous Institution, who are ever ready to acknowledge 


honour from man, I desire myself. to give honour to God, 
Whom I serve, and in Whom alone I have trusted. 


Place of Next Meeting. 
The Presipent: The next business is to decide the place 
of next meeting; and I suggest it be held in London. 
This was agreed to, 


Votes of Thanks. 
The Presipent: I have much pleasure in moving that 
our best thanks be given to the Lord Mayor and Corpora- 
tion of the City of Belfast for their kindness in placing at 
our disposal the City Hall for the purpose of the meeting, 
and for the hospitality and privileges extended to us. 

Mr. Samurt Tacc: I am delighted to second that. I do 
not think the Institution could ever have had a more sincere 
and cordial welcome from any city they have visited. The 
arrangements have been in every way perfect ; but I think 
the thing that we shall carry back and that will live with us 
is the very warm and earnest welcome accorded by the 
whole of the civic authorities. We are very much indebted 
to them, and greatly appreciate all that they have done for 
us. [Applause.] 

The PresipEenT: I think that is carried unanimously. 

Mr. E. H. Hupson (Normanton): I should like to sub- 
mit a resolution which I am sure will be enthusiastically 
received by everyone—that we accord to the President our 
best thanks for his services during the past year. I have 
had the pleasure of sitting on the Council with Mr. Smith, 
and therefore am in a position to appreciate the amount of 
time and the careful attention he has given to everything 
concerning the welfare of the Institution—and not only to 
the Institution, but to many other matters touching the in- 
dustry generally which have arisen during the year. His 
marked ability and impartial judgment have been very strik- 
ing to me, sitting under him. Then we come to our meeting 
here. Mr. Smith was eulogized for his excellent address, 
which I therefore need not comment upon ; but, as Mr. Tagg 
says, we have had a very fine conference, and can assume, 
I think, that the success of all the arrangements has been 
due to the foresight and thoughtfulness of the President. 
We shall all go home with very pleasant recollections of the 
meeting. Though she is not a member of the Institution, I 
should include in this vote of thanks our appreciation of the 
attention and consideration for the comfort of ladies accom- 
panying the members which has been given by Mrs. Smith. 
Without her help, the ladies would not have had the 
thoroughly good time which | am sure they have enjoyed. 
Therefore I ask you to accord to our President and his wife 
most hearty thanks. 

Mr. Ropert Watson (Doncaster): I have great pleasure 
in seconding the proposition. Mr. Hudson, as a member of 
the Council, has been speaking with an inner knowledge, 
and has thus been able to say how thoroughly the President 
has served the Institution. I think, as a member of the 
Institution, and not one of the Council, I shall be expressing 
the feelings of all when I say we are very thankful to the 
President for his work during the year. We are thoroughly 
satisfied with it. We have had a very successful meeting, 
and, in the courtesy shown us on all hands, no doubt Mr. Smith 
has been an influencing factor. 

The vote having been carried with acclamation, 

The PresipEent said: My first duty is to thank very 
heartily indeed the proposer and seconder of this resolution. 
The remarks that have been made are much too flattering. 
Twelve months ago, when I took up this position, I said I 
would try to do my best. I have done so; and if you are 
satisfied, 1 am very well pleased. I must also thank you 
very much for your kind references to my wife. 

Mr. Joun Terrace (Lower Sydenham): To me has 
fallen the very pleasant duty of proposing a vote of thanks 
to the Council and the Hon. Secretary ; and I do not want 
you to take the length of my remarks (for time is short) as 
any indication of my views as to the value of their services. 
The vote of thanks to the Council comes up regularly, and 
by some may be considered more or less formal; but those 
of us who have had the privilege of serving on the Council 
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It certainly deserves at least a very hearty vote of thanks. 
Coupled with this is a similar vote to the Hon. Secretary, 
whose work is only known to those who come in close con- 
tact with him. 


Mr. W. B. Lercu (Gas Light and Coke Company): I 
second that. The work done by all has been excellent. 
[Applause.] 

Mr. G. S, Fritx (Runcorn) : On behalf of my colleagues, 
I thank you most sincerely for your kind vote. We have 
an active Council, who carry out the work to the best of 
their ability. 

Mr. Joun Ke tty (Bridlington): I should like to propose 
a vote of thanks to Councillor Workman for his kindness in 
inviting us to witness this morning the launching of a ship. 
We are grateful to him for this example of the warm wel- 
come we have received in Belfast. 

Mr. Avex. Witson (Leven): I should like to second 
that. : 

The Presipent: Mr. Dunn will see that this resolution 
reaches the proper quarter. 

Mr. F. P. Tarratt (Newcastle-on-Tyne): I move that 
the best thanks of the meeting be accorded to the authors of 
papers, the Research Committees, the Scrutineers, and the 
Auditors. We are all agreed that the fare placed before us 


has been exceedingly good; and we are indebted to those re- 
sponsible for it. 








Mr. Davip Vass (Perth): I second this vote, which is 
well deserved by all to whom it refers. [Applause.] 


Mr. J. W. Woop: It isa very pleasing duty to reply to this 
vote. With regard to the carefully prepared independent 
papers contributed by members of the Institution, the dis- 
tances other members have travelled to hear them read is a 
perfectly satisfactory reward. The authors of the Research 
Committee’s reports (some of which are of a somewhat dif- 
ferent character) have exactly the samereward. In addition 
to this, there is the value of belonging to a live Institution, 
which has a keen eye for its own problems and for inde- 
pendent work. The support it has given to research work 
is in itself a satisfactory reward for anything done. 

The PresipENt : Before we separate, I wish to propose 
a hearty vote of thanks to our Secretary, Mr. Dunn. As 
President, I realize the value of the work that Mr. Dunn 
catries out for the Institution. He really has the interests 
of the Institution at heart. 

Mr. Samuet Tacc: I second that with the greatest possi- 
ble pleasure. We all appreciate Mr. Dunn’s work very 
highly. [Applause.] 

Mr. Dunn: I thank you very much indeed for your kind 
vote. 

The Presipent:- That concludes our business, 








In last week’s issue of the “ JourNaL” it was mentioned that 
the children of Mr. and Mrs. L. Clayton, who celebrated their 
diamond wedding on June 22, marked their appreciation of the 
event by endowing two cots at the Leeds General Infirmary. 
Details of the career of Mr. Lawrence Clayton, the founder of the 
firm of Clayton, Son, & Co., Ltd., structural gas engineers, of 
Hunslet, will be of interest to members of the gas industry. 

Mr. Clayton was born at Nelson (Lancashire) in 1842; and his 


first experience of gasholder construction was obtained at Has- 
lingden. Following this, he gained extended knowledge of the 
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same work with the firm of Mabon & Co., of Gorton; and 
from this time gasholder construction has been his speciality, 
though he has turned much attention to other phases of gas and 
general engineering. His name, and that of the firm he estab- 
lished at Leeds, have become world-famous for the production of 
holders and tanks. It was in 1864 that he started the firm of 
Clayton in a very modest way in Hunslet. He still retains his 
connection with the Company as Chairman of Directors, with his 
son, Mr. Joseph Clayton, as Managing Director. Mr.L.Clayton 
is also Chairman of other well-known firms—Deighton’s Patent 
Flue and Tube Company, Ltd., the Yorkshire Patent Steam 
Wagon Company, and Rice & Co., Ltd. 
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BENEVOLENT FUND OF THE INSTITUTION. 





Tue Annual General Meeting of the Benevolent Fund of 
the Institution was held on Wednesday morning. The 
PresIDENT (Mr. James D. Smith) was in the chair. 


The Hon. Secretary (Mr. Walter T. Dunn) read the 
report of the Committee of Management for 1922-23—see 
p. 661 of the “ JournaL” for June 13. 


The Presipent: I have now much pleasure in moving 
the adoption of the annual report of the Committee of 
Management for the year 1922-23, and the accounts for the 
year ended Dec. 31 last, a copy of which has been sent to 
each member of the Institution, whether or not a subscriber 
to the fund. You will notice from this report that the total 
membership of the Institution is 986; while the number of 
subscribers is only 391. I cannot. help feeling that there 
must be a large number of the members who do not sub- 
scribe because they are not aware of the good work which 
is being done by means of the fund, and of how much more 
could be accomplished with an adequate income. In addi- 
tion to the twelve cases now receiving assistance from the 
fund, a fresh application has only recently been received 
from the widow of a member of the Institution who was 
Manager of one of the Irish works at the time of his death. 





I need scarcely say that this application will receive the | 


sympathetic consideration of the Committee of Manage- 
ment. It appears to be a particularly sad case. I should 


like to take this opportunity of reminding the members of | 


the Institution that the Committee are at all times glad to 
have brought to their notice particulars of any cases in 
which help may be given. The object of the fund is to 
afford assistance to necessitous members of all classes of 


the Institution or its predecessors, or to anyone who may | 


have been a member, or to the family of anyone who may 
have been a member, whether or not such member shall 


have been acontributor to the Benevolent Fund. Before con-~-' 


cluding, I must express the cordial thanks of the Committee of 
Management to all those who have subscribed to the fund, 
and also to the donors, a list of whom is given in the report. 
It will be noticed that our District Associations render year 
by year most valuable help. 

Mr. SaMuEL GLover (St. Helens) : I have much pleasure 
in rising to second the resolution. I am not a member of 
the Committee now; but I have been for some years, and 
watched over its welfare with very great interest. I con- 


sider the fund has been well sustained and well administered. 
With regard to the case you, Sir, have just mentioned, while 


we are at the present time meeting in Ireland, and have | 


heard of a case in Ireland which needs consideration, I am 


tution to prevent it; but I am connected with a good many 
societies where it is actually done, and it has proved suc- 
cessful. If you have to appeal year by year for subscrip- 
tions of this kind, you find that those who are willing to 
give do so, and those who do not want to, will not. 


Mr. S. Giover: I think it is getting quite time that we 
should face these agonizing appeals for subscriptions to a 
fund which, as I have already said, is well sustained and 
well administered. I suggest this with all due respect to 
anybody who wants to subscribe. The fund is already 
meeting all the cases ; and I think the Institution as a whole 
should recognize that their Benevolent Fund is, ina reason- 
able and proper manner, in proportion to its scope, meeting 
all the cases that come before it. At present it is a fund to 
which people:can offer a subscription in the best spirit ; and 
if you change it from that into a part of a member’s sub- 
scription, it will no longer be a benevolent fund, but a forced 
subscription to some fund, which you would have to call by 
a different name. With all due respect to Mr. Vass, and 
the manner in which the local fund is gathered and admini- 
stered in Scotland, I do hope that our appeals to the mem- 
bers will be made in the customary way from time to time, 
while the members are well sustaining the fund. The fund, 
when it wants more money, will then get it heartily from 
those who are willing to subscribe. It will reduce the dig- 
nity of the fund if you turn it into a forced subscription. 


Mr. Georce Dixon (Lancaster): I am not a subscriber 
now ; but I want to support the remarks that Mr. Glover 
has made. It has always occurred to me that the reason 
why further support to our Benevolent Fund is not forth- 
coming is not because the members do not want to sub- 
scribe, but because they. do not attend the meetings, which 
are generally held at the commencement of the day’s pro- 
ceedings. Therefore it may be said that it is from forget- 
fulness that they do not subscribe. It is for this reason that 
I have not done so up to the present. I want to suggest 
that, instead of appealing, as you have done, from the 
central body, the Committee would get more support if a 
Sub-Committee were formed consisting of one member from 
each district. These members would lay the matter before 
‘their particular District Associations, and so get more closely 
into touch with the members. Greater support for the fund 
would thus be secured. 


Mr. G. S. Fritu (Runcorn): I was Secretary of the Man- 
chester District Institution for eight years ; and during that 
period I can say that we had two special appeals through 
that Institution. These appeals came from the Central Com- 








sure the Committee will not mind my suggesting that they 
should, before we leave Belfast, hold a meeting for the pur- 
pose of taking into consideration this particular case which 
needs help. A duty like this done quickly is sometimes 
done twice over. 


mittee. In my predecessor’s time there was also an appeal. 
Personally, I am in favour of the suggestion thrown out 
by Mr. Vass. Call it an insurance fund, if you like. I do 

| not care much for these charities ; and I do not altogether 
care for the name “ benevolent fund.” If it can be arranged 
as an insurance fund, it will be a better way of doing it. 
Appeals, as I have said, have been made to the District 
Associations; and I can truthfully say that in our case we 
did not get 50 p.ct., or even 25 p.ct., of the members to sub- 
scribe. I think the time is past for appealing when you 
want the money. 


The PrEsIDENT: I am sure the Committee will ‘take the 
matter into consideration, and see if it is necessary to do 
anything more than is being done now. The more money 
we get, the more we can give to recipients. Instead of 

_ a few shillings, it would be nice if we could give a pound 
or more. ([ Hear, hear.”] I am sure the recipients would 
be very glad to have an increase in the allowance they 


are receiving at the present time. I will now put the 
resolution to the meeting. 


Mr. Davin Vass (Perth): I agree with the report, with 
the exception of one point—and that is the necessity from 
time to time of appealing for newsubscribers. 1 think that 
the time has come when this matter should be added to. 


the membership subscription of the Institution. I should 
like to ask the Committee to-consider whether the rules of 
the Institution could not be so amended as to embrace this 
suggestion. It is not a new point. It has been raised be- 
fore; and I think we have proved, by repeated applica- 
tions for new subscribers, the futility of such an appeal, and 
that only such a scheme as I propose will bring in those 
who are outside. It is done in the North British Associa- 
tion ; and one of the reasons why they do not appear as sub- 
scribers tothe Benevolent Fund is because they have a fund 
of theirown. If it can be done by a District Association, 
why can it not be done by the Institution? It is done by 
technical societies in connection with other professions ; and 
I therefore put it forward strongly as a recommendation to | 
our Committee of Management. 


It was carried unanimously. 


The PresipEnT: I have to announce that the Scrutineers 
report the election of Mr. P. S. Hoyte (Plymouth) and Mr. 


Mr. A. S. Brook (Lisburn): I have much pleasure in | Archibald Kellock (Airdrie) as members of the Committee . 


supporting the remarks that have just been made. Idonot | of Management. 
know whether there is anything in the rules of the Insti- | | This concluded the business. 
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THE PRESIDENTIAL ADDRESS 
OF 
Mr. J. D. SMITH, M.Inst.C.E., 


Chief Engineer of the Belfast 


My first duty is to express my very high appreciation of 
the great honour which you have conferred upon me in 
electing me as your President—a position which has been 
filled by the greatest men in our most important industry. 
It has been, therefore, no light task to follow worthily in 
such footsteps, and it will be no light task to give you an 
address worthy to be placed in such glorious records as 
those of our Institution. My two immediate predecessors 
very adequately surveyed the field of the whole industry. 
I propose, therefore, only to touch on two or three promin- 
ent general questions, and to confine the bulk of my ad- 
dress to an analysis of the position of the Belfast under- 
taking—more particularly as the problems which have been 
dealt with in the period during which I have had the privi- 
lege of acting as Chief Engineer to the Gas Department 
should be of great interest to the industry generally from 
the point of view of extension and reconstruction of works 
on an existing site. In this I propose to avoid details as 
far as possible, especially as an illustrated brochure has 
been prepared for your acceptance, in which further par- 
ticulars are given. 

Earty History. 


By Aug. 31, Belfast will have been a gas-lit city for 
100 years. The following extract from the “ Belfast News 
Letter” of Sept. 2, 1823, is interesting from two points of 
view—first, because it is a very striking picture of the gas 
lighting of those days, and a record of the honourable posi- 
tion occupied by the City of Belfast as regards public light- 
ing; and, secondly, because it is an example of the very 
fine journalism of that time, showing a really intelligent 
grasp of a new development in technics—a grasp which 
some of the journalists of our own day, when writing of 
more recent developments in the same field of technical 
activity, would do well to emulate. 


TueE Betrast Gas-Works. 
From the “ Belfast News-Letter ” of Sept. 2, 1823. 


On the evening of the 3oth ult., immense multitudes of people 
assembled to witness the lighting of our streets with gas, and 
were highly gratified by the mild radiance flowing from the lamps, 
particularly when contrasted, by memory, with the gloomy twi- 
light, or rather darkness visible, which formerly issued from our 
dull and sombrous globes. 

The light now used is of the purest kind, shedding on the 
streets a brilliant lustre—pleasing, but not dazzling—and more 
resembling the clear effulgence of a cloudless atmosphere illumi- 
nated by the moon, than any artificial beams heretofore pro- 


’ duced by the imitative power of man. 


Living objects in our streets thus illuminated were distinctly 
seen, even at remote distance—and did not, as formerly, re- 
semble shapeless masses, now moving in obscurity, and now 
tinged in part with a doubtful gleam of light, twinkling upon them 
from dull or expiring lamps. On the contrary, each man could 
recognize his neighbour, and the very shadows were well defined. 

We are pleased to find that in some of the principal streets 
cast-iron pillars placed on the edge of the pavement support the 
lamps, so that a passenger on the foot-way moves, asit were, in an 
alley of light, and not a ray is lost in empty space. 

At the end of High Street a handsome pillar is surmounted by a 
coronet of flame. It is 23} ft.in height, and a lamp which is 6 ft. 
in length stands on its summit. The flame in this is equivalent 
to that contained in twelve batswing burners, as they are tech- 
nically called. At first there appeared to be some defect or 
obstruction in the tubes which convey the light to this lamp; but 
this was rectified, and last night it shone forth in full splendour, 
so that a letter was read by it near the quay, 60 yards distant 
from the pillar. The lights in the news room, issuing from two 
very elegant gas chandeliers, with four Argand lamps each, have 
a most beautiful and brilliant effect. Many shops and stores are 
tastefully lighted. We particularly noticed Mr. Welsh’s ware- 
house in High Street, Mr. Greer’s in Rosemary Street, Mr. 
Jellett’s in Bridge Street, Mr. Porter’s in High Street, and many 
others, which it would be tedious to enumerate. 

The gas light now used in Belfast is superior in quality to any 
which we have seen either in this kingdom or in Great Britain ; 
and itis with pleasure we remark that some American gentlemen 
who lately passed through this town, and who, we understand, 
had made it a point to inspect the gas-works in the Sister Island, 
as well as those of other countries, gave their decided opinion 
that those of Belfast were the best constructed and most com- 
plete which they hadever beheld. (Description of works omitted.) 

The expense of completing the entire works will eventually, 
we believe, be something about £40,000. Whether Mr. Barlow, 
who was the prime mover, and is the very life and soul of the 


Corporation Gas Department. 


whole undertaking, and his partners will ever obtain any pecu- 
niary recompense worthy of their great exertions and risks, we 
know not; but they have erected a durable monument of their 
talents and their spirit. Thirty years ago, if any man had pre- 
dicted that such works would be completed on the Ormeau Road, 
and that shops and streets in remote parts of Belfast would be 
illuminated by means of coals burned near the Cromac Highway, 
on the banks of the River Lagan, he would have been laughed at 
as a dreamer of dreams and seer of visions. 

We have tbus endeavoured to give a brief and intelligible ac- 
count of these immense works to our readers, and shall now 
merely add that, when we reflect on the patience, industry, per- 
severance, and scientific knowledge displayed by the Gas-Works 
Company’s Engineer and Agents, in conducting this arduous 
undertaking to a successful issue—when we take also into con- 
sideration the sums of money expended by the proprietors of 
these works in this neighbourhood, and the number of labourers 
to whom they have afforded useful employment—and when we see 
with what simplicity and ease the whole of their very intricate 
machinery and apparatus is directed to one grand and important 
end—and above all when we recollect with what honour they have 
fulfilled their engagements, we deeply feel that they are entitled 
to the confidence, gratitude, and admiration of the entire com- 
munity. 

Before leaving the recollections of the early days of gas 
lighting in Belfast, you may be interested in an extract 
from its first Act of Parliament, dated May 23, 1823, which 
represents an early attempt to fix a standard of lighting. 
Clause 54 of the Act reads: 

Provided always, and be it enacted, that the said Company 
shall and they are hereby directed and required to supply the 
streets and other public places in the said town with gas of such 
quality as shall at all times afford a cheaper and better light than 
could be obtained from oil, and every contract or agreement 
which shall be entered into for lighting with gas any street or 
place by the said Company shall contain a clause providing that 
it shall be obligatory on the said Company that such street or 
place shall at all times be better and cheaper lighted by the said 
Company than could be done by oil, according to the average 
expense of lighting with oil, for the space of three years immedi- 
ately preceding. 

It will be noted, perhaps with some amusement, that the 
gas lighting was to be both cheaper and better than the oil 
lighting which it was to replace; and it is to be assumed 
that this stipulation was fully carried out, since from that 
day to this Belfast streets have been entirely lighted by gas 
—high pressures being used in the principal thoroughfares. 


Gas 1n ULSTER. 


The position of the gas industry in Ulster and in Belfast 
does not differ generally from that of the industry in Eng- 
land. Coal, suitable both for gas and steam-raising pur- 
poses, has been discovered in Ulster; and the seams are 
now being developed. We have obtained our main supplies 
of gas coal from Lancashire, Yorkshire, and North Wales. 
Recently, in Belfast, thanks mainly to the vertical retorts, 
we have been able to make use of coal from Scotland 
and Cumberland, and have also used Northumberland coals. 
All kinds of foreign coal were successfully carbonized in 
the vertical retorts during the regrettable strike of 1921— 
American, Canadian, Saar Valley, and other German 
reparation and Belgian coals—and an uninterrupted and 
unrestricted supply of coal gas was maintained in Belfast 
throughout the whole period. 

Gas, in Belfast, is applied very largely for doméstic pur- 
poses. Out of 3247 million c.ft. made during the year 
ended March 31, 1922, only 176 millions were used for in- 
dustrial purposes, mainly in the linen and shipbuilding 
branches. There is obviously room for development in the 
industrial direction. In Belfast, gas is distributed at a 
gross calorific value of 460 B.Th.U. per cubic foot. It is 
sold at 2s. 8d. net per 1000 c.ft. for lighting purposes ; 
28 c.ft. per penny through slot meters ; and 2s. 4d. per 1000 
c.ft. for power and industrial purposes. 

During the period since the undertaking was taken over 
by the Corporation, the following contributions have been 
made in aid of the rates and for other public purposes : 


General Purposes Fund in aid of rates . £202,500 
New City Hall PA sivittats Sell edis 225,910 
Tene DS ss 6h saya. 2+ 08 3,913 
Library Committee . 9,550 
Electric Committee . 49,573 
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In recent years there has been no contribution to the 
rates ; and this burden on the undertaking will, it is to be 
hoped, never be reimposed. The only remaining obligation 
is about £11,500 annual interest on, and redemption of, the 
City Hall Fund. 

Coke, in Belfast, is sold principally to the shipyards, to 
engineering works, and to bakeries. Despite the fact that 
since 1910 the make of gas has increased from 11,440 to 
16,110 ¢.ft, per ton, our coke and breeze for sale have aver- 
aged 11 cwt. per ton of coal carbonized. It should be re- 
membered that coke from vertical retorts contains much 
less water than that from horizontals; and I should add 
that, whereas the best hand-picked coals were used in the 
horizontals, we now carbonize unscreened coals in the 
vertical retorts. 

Tar and ammoniacal liquor have hitherto been sold 
locally ; .but it is the intention to work-up these bye-products 
in chemical works which have recently been purchased. 


Tue Betrast Gas UNDERTAKING. 


When I arrived in Belfast in 1910, 1 found the citizens 
engaged in a violent controversy with regard to the proposed 
purchase of a new site. The demand had outrun the pro- 
duction of the existing works ; and it was proposed to build 
another works on what was known as the Twin Island site. 
So much interest did this proposal excite among the citizens, 
that elections were fought and won, or lost, upon the ques- 
tion. After a very careful study of the subject, however, 
and taking into consideration the new resources offered to 
the industry in the continuous vertical retorts, I was enabled 
to put forward a scheme by which on the existing site 
carbonizing plant could be erected of a sufficient capacity to 
provide for the needs of Belfast for the ensuing twenty 

ears. . 

‘ The scheme foreshadowed in my report of November, 
1910, provided for the building, successively, of four vertical 
retort installations, each of a capacity of 4 million c.ft. 
per diem, This would have provided, taking into con- 
sideration water-gas plant on the same site of 6} million c.ft. 
capacity, for a total daily capacity of 224 million c.ft. Our 
maximum day’s make was then 11,772,000 ¢.ft., or 1-190th 
of the annual make, which was 2284 millions during the 
year 1910-11. Development of the heating load is likely 
to decrease the maximum day’s make in proportion to the 
annual make; and it may be safely assumed that a 22} 
million maximum day’s make will correspond to something 
like 4500 millions annual production. 

The actual growth of the make of gas, since the property 
of the Belfast Gas Lighting Company was transferred to 
the Corporation under the Gas Act of 1874, is shown in the 
following table: 


1875 . . . « « « 428 million c.ft. 
ae Pe: a 
ee cg 8 VS, oe ‘i é 
Rees gee. i < 
IED Wiss CUS Oa a 8 
ns Tee Sere A : 
a eS ee aa a 

Woes OE OA, gg 


Continuous Vertical Retorts. 


Pursuing the policy outlined in the 1910 report, a first in- 
stalment of the vertical retorts was put downand brought into 
operation in 1912. It was of a daily capacity of 2$ million 
c.ft. Subsequently, in 1916, a further plant was brought 
into operation with a capacity of 54 million c.ft. per day; 
so that to-day we have gas-making capacity of 144 millions, 
made up of 8 millions in the vertical retorts and 6} millions 
of carburetted water gas. It was therefore apparent that 
further carbonizing plant was necessary. 

It was no doubt a bold step in 1910 to recommend the 
adoption of the continuous vertical retort on such a large 
scale as is indicated in the foregoing remarks, The result 
has more than justified that step. One of the most striking 
evidences of the reliability of the vertical retort is the 
simple fact that during the months of heavy demand of last 
winter not one of the 240 vertical retorts installed at Belfast 
was out of action. During the eleven years’ life of the first 
installation, the retorts have been re-set only once. 

Meanwhile, however, the development of the continuous 
vertical retort has been proceeding, and it has reached 
such a degree that it has been found practicable to recon- 
struct the original installation of vertical retorts, which 
otherwise would shortly have required to be re-set on 
improved lines Its capacity will thus be approximately 
doubled, without any addition to the retort-house building, 





without any increase of coal or coke handling plant, and 
without increasing the labour cost—that is to say, the same 
labour cost will be spread over double the output of gas. 
A contract for this reconstruction was placed in March last, 
and the work is now proceeding. 

We anticipate considerable advantages from the incor- 
poration of the latest developments in our vertical retort 
plant. 

In the first place, these improvements will result in a 
greatly increased carbonizing capacity on the existing site. 
In my report of 1g10 it was estimated, I may remind you, 
that the adoption of vertical retorts would enable carboniz- 
ing plants to meet the needs of the ensuing twenty years 


.to be installed on the available ground. Fortunately, the 


method of reconstruction now being carried out can also be 
applied to the second installation. Furthermore, the new 
principle could be adopted in future installations. We are, 
therefore, now in the position that, on the ground ear- 
marked for carbonizing plant in 1910, we can meet all 
probable requirements, not merely of the twenty years then 
contemplated, but for a period extending to thirty-five or 
forty years. 

In the second place, carbonizing wages per unit of gas 
production will be much reduced. They were in the neigh- 
bourhood of $d. per roooc.ft. in 1914; and I am confidently 
anticipating that in the newly reconstructed retort-house we 
shall return to the pre-war figure. 

The nature of the improvements recently effected in the 
Glover- West vertical retort and its setting may be briefly 
summarized as follows : 


(a) The retorts are provided with a chamber at the base 
in which the temperature of the steam is raised to 
that necessary for the water-gas reaction, at the ex- 
pense of the residual heat of the coke, and this with- 
out any reduction of the carbonizing capacity of the 
retort. 

(6) The combustion chambers and flues of the setting are 
so arranged that a greater average retort temperature 
can be maintained over a greater length of retort, 
without, however, increasing the maximum tempera- 
ture, or in any way endangering the stability of the 
refractory materials. 

(c).The improved, enlarged, and ingeniously designed 
producer will generate the additional fuel gas neces- 
sary for the greater carbonizing capacity. 

(d) Waste-heat boilers will recover some of the chimney 
losses and return the heat to the retort in the shape 
of superheated steam for gas making. 


The Abattoir Site. 


In 1910, land was obtained by the Corporation, in pur- 
suance of their policy, on the other side of the river. This 
was known as the Abattoir Site; but it was not adapted for 
carbonizing purposes, and presented some difficulties owing 
to its shape, isolation, and surroundings. It was therefore 
decided to utilize it for the provision of the necessary addi- 
tional purification plant and gasholder capacity. The two 
sets of purifiers, a station meter, and a 7 million c.ft. gas- 
holder have accordingly been erected upon it. Since then 
the adjoining chemical works have been acquired by the 
Corporation. 

Purifiers. 


The purifiers are of the dry-lute type, erected, on a con- 
crete raft, with the revivifying floor carried upon steel stan- 
chions above the boxes and extended to support a double- 
span roof. Some novel features in the design will be of 
interest to you. 

A new method of construction was adopted for the puri- 
fiers. They are erected in two rows of three, having a 
conduit between them. This conduit is divided into two 
parts by a horizontal partition; one partition forming the 
main inlet to the first four purifiers, and the lower portion 
forming the outlet from the first four and the inlet to the 
last two. The upper part of the conduit adjacent to the 
last two purifiers forms the outlet passage from same. By 
this method of construction connections are entirely dis- 
pensed with, for the operating valves are in connection with 
the conduit chambers; and they are so arranged that the 
purifiers may all be in operation, or in any desired sequence 
with any number off. _The arrangement has proved to be 
ideal. The back-pressure is no more than 18 in. instead of 
(say) 26 in., which might have been expected with the 
usual arrangement; the reason being, of course, that the 
gas is divided into two distinct streams for purification. 
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The revivifying floor above the purifiers is supported by 
plate girders secured to the stanchions, and comprises con- 
crete arches formed upon longitudinal joists. This floor is 
provided with movable covers, and has continuous openings 
over the purifiers for the discharging and charging of the 
purifying material. 

The oxide-handling plant is supported from the roof, suit- 
ably strengthened for the purpose, and comprises four fric- 
tion hoists driven from a gas-engine through rope gearing. 
These hoists are remarkably speedy, and are controlled at 
various parts of the house. They are capable of handling 
the oxide skips at any point of the purifier. In arecent ex- 
perience we were able to empty one of these purifiers and 
distribute the spent oxide upon the floor in ten hours, while 
it did not take more than four hours to re-charge one of the 
purifiers. - 

To provide a roof in one span over such a large area was 
not considered advisable, particularly as it was desired to 
support the friction hoist traverse from the principals. The 
double-span roof presented the difficulty of the centre row 
of stanchions coming over the conduit in the purifiers. It 
was found, however, that there was ample area in this gas- 
way to permit the stanchions passing through, and therefore 
a circular pipe was fixed, through which these uprights 
could pass; and although everything was perfectly tight 
when tie work was completed, it was thought wise to fill in 
the circular openings with concrete and puddle. 

By dispensing with pipe connections, upwards of go tons 
of material was saved, at a time when this was costing about 
£30 per ton; and the whole installation has proved so satis- 
factory that future extensions will undoubtedly be carried 
out in the same manner. 


New Gasholdey and Tank. 


Another problem dealt with in 1910 was that of gasholder 
capacity. At that date the total storage was only 6,183,000 
c.ft., when the maximum day’s output was 12,608,000 c.ft. 

The first step in this direction was the dismantling of 
No. 5 gasholder, which had a capacity of 14 million c.ft., 
and the replacing of it by a spiral-guided holder of a capa- 
city of 3 million c.ft.,in the same tank. This was completed 
and brought into operation in 1912. 

The storage capacity was still insufficient, and the next 
step was the erection of another holder of about 7 millions’ 
capacity on the abattoir site. 

The construction of this gasholder will, I think, be of 
more than passing interest to the industry. Fortunately, 
trial borings showed that, after the removal of filled-in 
material and soil, extending to a depth of about ro ft., there 
was a subsoil of solid clay extending to upwards of 40 ft. 
below the surface. A brick and puddle tank was decided 
upon ; and the contract was let in 1921, and the work com. 
pleted in August last. 


You will be interested to learn that a steam “ digger’” 


was used in the excavation forthis work. In order to make 
use of this tool, it was necessary to depart from the usual 
method of internal shoring. A ring of timber piles was 
driven at intervals of 2 ft. round the outer circle of excava- 
tion, and to a depth of about 6 ft. below the bottom of 
the tank. The whole of the site was then successfully 
excavated down to the level of the top of the “dumpling.” 
After this level, however, it was found necessary to resort to 
shoring; and this was accomplished, under considerable 
difficulties, in a very satisfactory manner. Springs were 
encountered during the work. These were trapped and 
connected to stand-pipes ready threaded for tapping when 
the tank was filled with water. . 

In the reconstruction of the No. 5 holder, some difficulties 
had arisen. These I was very careful to avoid in the recon- 
struction of the larger holder, although, after 25 years’ ex- 
perience of the spiral-guided principle, there was no hesita- 
tion in adopting it again, and no doubt was entertained that 
such difficulties as had previously arisen could be overcome 
with care in the design and execution of the work. 

The new gasholder tank is 252 ft. 6 in. diameter by 37 ft. 
deep; and the outer lift is 250 ft. diameter. It is designed to 
give a minimum pressure of 50-1oths in the inner lift, and 
120-10ths when fully inflated. 

In the first place, it is absolutely necessary to ensure that 
the cups and dips shall be maintained in a true circle. This 
can only be done by providing adequate circumferential 
stiffeners. These take the form of circular horizontal steel- 
Piite girders, very carefully built with planed butt joints 
round each of the cup-channels. 













The circumferential stiffeners not only serve, however, to 
keep the cups true, but provide a convenient and effective 
member to which the feet of the vertical stays may be se- 
cured. The lower ends of these are kneed and riveted to 
the stiffeners, thus providing additional support to the cup- 
channels. The whole arrangement very satisfactorily re- 
lieves the cup-channels of strain, and prevents that distor- 
tion which would cause carriages and rollers to bind on the 
spiral guides, setting-up friction, and interfering with the 
smooth and automatic operation of the holder when defla- 
tion or inflation is taking place. 

To reduce the risk of leakage, the crown sheets are made 
10 ft. long. The support for the, crown is also a novelty. 
It consists of reinforced concrete piers 12 in. square, brought 
up to a level about 8 ft. below the crown. Wing brackets 
are bolted to the piers, and these carry the circular bars in 
concentric rings, which form, together with the brackets, 
what may be termed an “umbrella” framing, constituting 
a true spherical support for the sheeting of the crown. 

The symmetry of this framing was particularly striking 
when finished. The crown sheets lie upon it in perfect 
shape. It is economical in cost, and the whole of the 
short standards, brackets, and circular bars were erected 
within a month; so that, in addition to the material being 
cheaper than old systems of timber support-, or main bars, 
it is much less costly in erection. 

To prove how true to shape the supporting framework is, 
I might say that the whole of the crown sheets have been 
erected without closing plates ; and with the exception of one 
circular seam where the light shects join the heavy plating, 
no templating or shearing has been necessary. 

The carriages are of the “ Bearscot ” four-roller all-steel 
type. It is pleasing to me to know that I was the first 
engineer to adopt this type of carriage ; and I may say that 
since they were erected on the large 170 ft. diameter, four- 
lift spiral holder, they have given every possible satisfaction. 
Recently, however, an improvement has been made in these 
carriages. This consists in linking the rollers on opposite 
sides of the guide together, so that whichever way the 
strain comes upon the carriages the whole of the axles come 
into play to carry the load. This makes the carriage, as a 
whole, nearly double the strength of the ordinary type. 

The contractors for this work have carried out the whole 
of the riveting by means uf pneumatic power. As far as I 
know, this method has not previously been applied to the 
sheeting of a gasholder, although usual for the heavier work. 
However, I have carefully observed the method they 
adopted, and the appliances they had specially made for 
carrying out the work, and have come to the conclusion that 
it should prove satisfactory in every way. 


General Considerations. 


Summarizing the whole position at Belfast, it is satis- 
factory to note that a site which in 1910 was deemed to be 
insufficient for the requirements of the city has, owing to 
the enormous advances in carbonizing methods—namely, in 


‘the developments of the continuous vertical retort—proved 


to be more than sufficient for present-day requirements, and 
for a long time ahead. 

It is fortunate, indeed, for the industry that carbonizing 
methods have been, and still are being, developed well 
ahead of requirements, so that at the present day the gas 
engineer has a choice of systems of production making 
anything from “straight gas” at (say) 560 B.Th.U. per 
c.ft., to large volumes at 400 B.Th.U., and even lower 
calorific values. 

While, however, the vertical retort has been such a strik- 
ing success, especially with us in Belfast, I sincerely hope 
and trust that it is by no means the last word in gas making. 
But in what direction is further development to take place ? 
It cannot be said that the combination of a producer with a 
sort of vertical retort, with or without a steam blast—which 
is the form usually taken by the so-called “ total gasifica- 
tion’ plants—has met with any great success. Is it not 
possible that we shall be able, eventually, to overcome lay 
prejudices and gasify the whole of the residual coke in the 
water-gas plant, with the addition of sufficient oil gas, to 
keep whatever calorific standard is deemed to be advisable 
from all points of view? Onecan readily imagine an instal- 
lation in which a system of conveyors will elevate coal to 
the vertical retorts, and, in the one line, will receive the 
residual coke and convey and elevate it to bunkers arranged 
above water-gas generators. That would be total gasifica- 
tion in a well-known and practical shape, and gas could be 
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produced at such a low cost that it could be offered as the 
universal fuel, with the complete solution of the smoke 
problem. 

Smoke ABATEMENT. 

The gas industry must always remember its responsi- 
bilities in the direction of the solution of the smoke problem ; 
and the present opportunity should be taken of acknowledg- 
ing the work already done by the National Gas Council 
and the British Commercial Gas Association in this con- 
nection. The very attractive, original, and even witty 
advertisements in the lay Press, emanating from the latter 
body, are particularly to be admired. For there is no 
doubt the problem will never be solved until the public are 
fully educated in this matter. 

It has been abundantly proved that-preventive legisla- 
tion, although effective enough in stamping-out the more 
glaring examples of smoke nuisance attributable to factory 
chimneys, is powerless to eradicate it altogether. Self- 
interest of the user of fuel on any fairly large scale is far 
more likely to reach this final result, because a man of 
business can always, in the long run, be persuaded by argu- 
ments of economy when the saving can be added to his 
profits. 

But the law has done nothing, so far, to deal with the 
worst feature, which is the domestic hearth, and particularly 
the kitchen fire. Competent observers have established 
the fact that at least two-thirds of the smoke nuisance is 
due to domestic fires; and yet these sources of evil are still 
immune from the operation of smoke- preventive legislation. 
They are even expressly exempt from the operation of such 
laws as the Public Health Act of 1875. 

There is already in existence a vast amount of literature 
in Which details of the injury done by smoke to property, to 
vegetation, and to human health are given. But among all 
these books and pamphlets one of the best known to me is 
a little book entitled ‘‘ The Smokeless City,” written by Mr. 
E, D. Simon, late Lord Mayor of Manchester, in collabora- 
tion with Miss Marion Fitzgerald. Two points emerge 
from the consideration of the subject—first, that the “‘ house 
chimney is a much more dangerous enemy than the factory 
chimney, both because domestic smoke is far greater in 
quantity and more harmful in quality than factory smoke ;” 
and, second, the enormous extent of the damage done by 
smoke. “If we could only get it into people’s heads,” these 
authors write, “that the material damage done by smoke in 
Manchester alone amounts to one million pounds sterling 
per annum, and that the damage done to health and nerves 
is even greater than this—and if the general public could 
be made really to believe these undisputed facts and to 
understand and grasp what they mean, the case of smoke 
abatement would be won.” 

. And there, gentlemen, you have the key to the situation 
—‘ If we can only get it into people’s heads.’ Punitive 
legislation will not, at all events at the present stage, be 
very effective in dealing with this, the domestic side of the 
evil. We must rely on education. And we of the gas 


industry “must get it into people’s heads” that we have 


the solution of the problem—that we have to offer an 
alternative to smoke producing fuels, a fuel equally cheap, 
much more convenient, and much more efficient, in the 
shape of gas. 

Here a criticism may be entered. Our friends of the 
Smoke Abatement Society are a little fascinated by the 
promises of “ coalite,” especially in the more recent form 
of a “smokeless solid fuel”’ to be produced by the process 
of low-temperature carbonization. But even if we assume 
that a smokeless solid fuel can be put on the market, at a 
price not so much higher than soft coal as to make it 
unsaleable, it still provides no real solution of the problem. 
Most of the objections so justly urged against the coal-fire 
apply to the “coalite” fire. If black smoke is not emitted 
from the chimney, dust particles in suspension, sulphur 
compounds, and 75 p.ct. of the heat will still escape this 
way into the atmosphere. There will still remain all the 
labour and dirt of carting the solid fuel about in the streets, 
shooting it down into inconvenient cellars, carrying it up 
thence by hand to the fireplaces, and removing the ash, for 
the whole ash content of the coal will be concentrated in 
the “ coalite.” 

The task before the gas industry is to remove the last 
remaining objections to the use of gas for all domestic pur- 
poses. The cost must be reduced to the lowest possible 
figure. Even with gas at 4s. per 1000 c.ft., Mr. Simon and 
iss Fitzgerald show that the gas-fire is mnch cheaper 








than the coal-fire for intermittent use, and that the cost only 
rises to equality when burning for periods exceeding four 
hours. 

Appliances must be developed in all directions to utilize 
gas to the fullest advantage. The gas-fire, the gas-cooker, 
and the gas-boiler are already highly efficient, thanks to the 
united efforts of all branches of the industry. But an 
efficient “thermostatic valve” has still to be evolved 
which will open-up the possibility of applying gas cheaply 
to radiators and central-heating systems. In short, the gas 
industry must claim the whole field of heating and cooking 
in the house, and should not rest until it solves the smoke 
problem, not by punitive legislation, with its attendant 
official intrusion which is so foreign to our national tem- 
perament and character, but by providing fuel in a form so 
cheap and convenient that it will pay to use no other. 


THE THERM. 


Following an agitation in the London Daily Press, a 
Committee was appointed by the Board of Trade to inquire 
into the method of charging for gas on a thermal, or rather 
calorific, basis, as introduced by the Gas Regulation Act of 
1920. As your President, I gave evidence before this Com- 
mittee. I described the gradual obsolescence of the former 
candle-power basis, and showed the necessity for the calorific 
basis, pointing out how the provisions of the Act protected 
the gas consumer, and how the institution of the “ declared 
value,” which might be varied to suit local conditions, 
effected this purpose without leading to the stagnation which 
would have been the result of any attempt to enforce a 
uniform calorific standard throughout the country. When 
gas was bought on a volumetric basis, it was of vital import- 
ance to the consumer that the gas should have as high a 
heating value as possible. If, however, the consumer was 
charged for the heat units contained in a given quantity, the 
actual heating value of that quantity was a matter of indiffer- 
ence ; for if it contained less potential heating value, less wis 
paid for it. 

All the public need to be assured of is that the gas actually 
contains the number of potential heat units that are being 
charged for. Under the new system the consumer is pro- 
tected as regards both quantity and quality. It is true that 
meters still measure the gas consumed in cubic feet. This 
registration provides for the quantity. The quality is 
ensured by means of the declared value. I pointed out to 
the Committee that the therm is a definite amount of heat 
which is unalterable; and that while it may be made-up of 
a large volume of gas ot a low calorific value, or a smaller 
volume of gas of a high calorific value, the same total 
amount of heat is always contained in the therm. The pro- 
vision of testing-stations controlled by public authorities, 
and used only by gas examiners appointed by them, protects 
the consumer against any danger of having to pay for a lower 
grade of gas than declared under the Act. 

These views, corroborated by all other competent wit- 
nesses, were fully accepted by the Committee, who recom- 
mended— 

That the method of charging for gas on the therm basis 
should be continued, and extended to all statutory gas under- 
takings within the scope of the Gas Regulation Act. 

The report of this Committee is well worth your careful 
study, if only because it contains the views of a body of 
highly intelligent laymen with regard to our industry. We 
can “see ourselves as others see us.” 

The Committee pointed out that approximately 370 
Orders, authorizing the supply of gas on the therm basis, 
had been made up to the date of their report, and that 
more than 60 p.ct. of the gas supplied by statutory under- 
takings was then charged for by the therm, but that only 
20 Orders had been made relating to local authority under- 
takings. It may be taken as fairly certain that within a 
short time the Board of Trade will exercise their powers 
under the Act, and call upon all local authority undertakings 
to declare a calorific value, and to fall into line with the 
companies in this matter. It is, therefore, incumbent upon 
local authorities to consider their position, and to decide 
what value they wish to declare. There should be no par- 
ticular difficulty in this. It appears only necessary to 

“declare” the calorific value that is at present being sup- 
plied. The Act provides facilities for the alteration of the 
declared value from time to time; and J cannot see any 
reason why this Statute should not be welcomed by loca! 
authorities, as it has been by gas companies, as a Charter 
of Liberty in the gas industry. 
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The report contains valuable comments on matters per- 
haps not strictly within the terms of reference. It deals to 
some extent with the question of incombustible constituents 
or “inerts,” pointing out that the new system entirely 
removes any reason for the dilution of gas with inerts, 
since only combustible constituents can be charged for. It 
discusses the provisions of the Act with regard to pressure ; 
and the conclusion on this subject is that there is no ap- 
parent necessity for the installation of governors at the 
meters of private consumers, as advocated in some quarters. 
The Committee expressed the opinion that control should 
be exercised by gas undertakings over the fittings and ap- 
paratus used by consumers, so that inefficient and uneco- 
nomical appliances would be rejected, much waste of gas 
avoided, and accidents eliminated. The duties and powers 
of gas examiners were referred to, and the hope was ex- 
pressed that a thoroughly satisfactory recording calorimeter 
would soon be available—a hope which the Institution can 
very well share, inasmuch as it has already done consider- 
able work through its own Committee to investigate such 
appliances of this character as are already available. 

Finally, the Committee recommended that all meter cards, 
invoices, and receipts should show both the quantity and 
quality of gas consumed, and the method by which the 
therm charge is calculated, together with the charge per 
1000 c.ft. corresponding to the current charge per therm. 
This appears to be a very reasonable suggestion. 

One sentence may be selected to reinforce what I have 
said elsewhere in this address as to the necessity of educat- 
ing the public. The Committee say : 

We think that in many circumstances the lack of informa- 
tion has brought down upon the companies concerned com- 
plaints which would never have been formulated if more 
trouble had been taken to explain the new system. 

This may very well serve as a warning to those under- 
takings, particularly belonging to local authorities, which 
have still to face the introduction of the therm system of 
charging. 

CarRBoN MONOXIDE. 


In spite of the fact that the public outcry against this 
essential constituent of town gas is largely inexpert and 
misinformed, as well as grossly exaggerated by some 
sections of the Daily Press, the industry cannot afford to 
ignore it. It is necessary to examine the subject again and 
again, to ascertain to what extent the public have a real 
grievance, and what steps should be taken to satisfy it that 
gas can be used with all safety provided that ordinary care 
is exercised. 

In July, 1921, a Committee appointed by the Board of 
Trade in pursuance of section 2, sub-section 4, of the Gas 
Regulation Act, 1920, inquired into the question of whether 
it was necessary or desirable to prescribe any limitation of 
the proportion of carbon monoxide which might be supplied 
in gas used for domestic purposes. They reported unani- 
mously in the negative. They obtained evidence from the 
Bureau of the Public Health Service, Washington, in which 
it was stated that— 


From experience in the United States, it would seem that 
the use of water gas presents great. economical advantages, 
and that the presence of anywhere up to 30 p.ct. of carbon 
monoxide is in no way prejudicial to the public health. 

They concluded with: 

After weighing very carefully all the factsconcerned .. . 
on the balance of danger to the public, we are justified in 
recommending non-limitation. We have not ignored the 
increased risk from the poisonous nature of carbon monoxide; 
but, when all practicable precautions are adopted, we do not 
consider that the increased risk will be found a serious one. 
The danger of increased death-rate is, in any case, of small 
dimensions ; and against this must be set the certain improve- 
ment in the public health by the reduction of smoke and fog 
arising from increased use of gas. 

The usual argument of the scare-monger is that CO is an 
invisible and inodorous gas. The elementary fact that CO 
is never supplied alone, is always ignored. It would take a 
very large admixture indeed of blue water gas with coal 
gas to make any diminution in the pungency of the smell; 
and the smell of all town gas, as distributed, is very notice- 
able long before the quantity in the air of a room becomes 
in the least dangerous. 

Mr. D. Milne Watson, the distinguished Governor of the 
Gas Light and Coke Company, London, has dealt with the 
subject on more than one occasion; and from the general 
point of view there is nothing to be added to his statement. 


responsible for only about 24 deaths per annum per million 
of the population, as against 22 due to railway accidents, and 

100 due to street accidents in London, is sufficient to show 

how grossly the dangers to be apprehended from gas have 

been exaggerated. Certain sections of the Daily Press 

appear to have gone out of their way to encourage the idea 

that there is some particular and new risk in the use of gas, 
arising from the presence of a constituent which has never 

been absent. 

But we must not forget to what an extent the public are 

swayed by the emotions rather than by cold reasons; and 
these “stunts” must be dealt with as and when they arise. 
And no doubt there is some real grievance and danger due 
to the imperfection of consumers’ fittings. We, in Belfast, 
are endeavouring to deal with this question, and to arrange 
for a systematic careful inspection of fittings and burners— 
a measure which is well worth pursuing whether from the 
point of view of allaying public anxiety or from that of en- 
suring the satisfaction of the customer, or of the opportunity 
it offers of opening-out to consumers additional ways in 
which they can avail themselves of the commodity we have 
for sale. As this aspect of the question is to be dealt with 
in a paper to be read before you by Mr. Cleland, I need 
not pursue the subject further. 

At this point, however, the view may be expressed that 
the Institution would ‘be well advised to extend their interest 
in the type of burner and fitting which is installed in houses 
for lighting, and particularly to see that they are strongly 


‘represented when the numerous housing schemes are under 


discussion. Much of the dissatisfaction with domestic gas 
lighting, much of the advantage claimed for electric lighting, 
is due to the absence of effective control of the gas under- 
takings over the burners offered for sale and fitted into 
houses both old and new. Undertakings which let stoves 
and fires on hire do exercise control over these. What is 
required is some similar influence over lighting fittings. 
Ought not the Institution itself to take the same responsi- 
bility for the correct design of these.fittings as they are now 
taking in connection with the standard stoves and fires? 
The public, too, need to’ be educated in the use of gas- 
lighting appliances. In every householder’s hands should 
be a simple lucid card of instructions on the proper adjust- 
ment and maintenance of the incandescent gas light. 


EpucaTING THE GAs ENGINEER. 


My last topic is not, by any means, least in importance. 
I am glad to have the opportunity once again of expressing 
my high appreciation of the scheme for the future education 
and examination of those engaged in the technical work of 
the industry. 

The details of the scheme will be well-known to you. As 
I said on a former occasion, it is the outcome of the co- 
operation of our own Institution with the British Commer- 
cial Gas Association and the Board of Education. Each of 
these bodies has brought to the making of the scheme its‘own 
special knowledge of the requirements of the industry, and 
of the means best suited to the preparation of our young men 
for the duties they will have to perform. But it is particu- 
larly gratifying that at last the Institution of Gas Engineers, 
instead of leaving the education of future engineers to an 
outside organization—and we owe a very great debt of grati- 
tude to the City and Guilds of London Institute for their 
noble work in the past—have come forward and asserted 
their privilege and shouldered their responsibilities for the 
proper carrying-out of this great task. 

The scheme, as it stands, will put the qualifications of the 
gas engineer of the future on a sound basis. It will ensure 
that only those young men will receive the hall-mark of its 
certificates who have passed through an adequate training, 
and have attained a due level of education. Its provisions 
are nicely balanced to do justice to young men who, owing 
to circumstances beyond their control, are not able to avail 
themselves of a full course of college training—and that 
without lowering the standard of the certificates and diplo- 
mas. 

Gentlemen, it was very necessary that this step should be 
taken. The vast and ever-widening field covered by our 
profession, the increasing complication of the appliances for 
the manufacture and application of gas and the bye-products 
of gas making, the ever-growing demand upon the indnstry 
in all directions, make it impossible for any but a highly- 
trained personnel to cope with the requirements of the 
industry. Moreover, these very requirements are sure to 





The very fact that the accidents due to gas poisoning are 


fluctuate from time to time ; and one of thé great merits of 
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the scheme is that it contains within itself provision for its 
own amendment, as may be proved necessary in experience 
of its working. 

But whatever amendments may be found egret £ one 
thing is certain—and that is that it will provide the industr 
with a stream of recruits of varying grades from whic 
those entrusted with the administration of gas undertakings 
will be able to choose technical officials, knowing that their 
education is of a definite standard. It must, however, be 
admitted that gas undertakings have not, in recent years, 
given anything like the necessary facilities for the introduc- 
tion into the profession of young men as pupils, premium 
or otherwise, without which a great part of this scheme may 
fail to produce the desired effect. 


CONCLUSION. 
Gentlemen, there ig no need to fear for the future of our 


TuHE accompanying diagram illustrates a plant embodying the 
system of direct carbonization for the production of gas for town 


supply, together with the recovery of the usual residuals, the 
nature of which may be varied quickly at will by simple adjust- 
ment of the operating conditions. 

The type shown consists of a twin generator plant for the 
production of blue water of a calorific value of about 300 
B.Th.U. per c.ft.; or double gas of 350 B.Th.U, It comprises, 
with the usual grate and furnace fittings, charging hoppers (in- 
stalled in the case of double-gas production for continuous coal 
feed). The generators are blown in parallel. The resultant gases 
being further combusted by the admission of secondary air, the 

‘ heat is stored in the baffle brickwork ; and, in addition, all small 
particles of carbon are trapped and consumed. The shallow fires 
give the advantages of short blow and easy clinkering ; and yet 
when run in series, the advantages of a deep fuel bed are secured. 

The vital difference in the method of construction is that above 
the level of the top of the clinkering doors, the usual outer cas- 
ing of non-conducting material and the steel shell are entirely dis- 
pensed with ; only the firebrick lining being carried up. This is 
constructed of special material and of sufficient thickness to form 
the inside of an annular retort or system of retorts. The outside 
of the retort is formed of metal, with a thick layer of non-con- 
ducting substance on the outside. This casing, if desired, may 
be lined with heat-resisting material. 

The outside and the inside of the interior surfaces forming the 
annular retort are slightly tapered from the bottom to the top. 
Feed hoppers are provided at suitable spaces round the top of 
the retort, so that coal can be fed in to form a thin layer 
about 5 in. thick at the top and 7 in. at the base. This layer 
of coal occupies the space usually taken up by the lagging, and 
receives the heat direct through the walls of the generator from 
the fuel, and from the hot baffle brickwork. Suitable provision 
is made for the discharge of the carbonized fuel at the base of 
the retort ; and in the case of a highly-caking fuel, mechanical 
means can be adopted to ensure its regular downward passage. 

In addition to the heat passing through the wall of the retort, 
the whole of the hot water gas travels through the bed of coal 
in both sections, and flows with the coal gas to the hydraulic 
main. A plant producing 20,000 o.ft. of blue gas per hour will 
contain about 8 tons of coal for carbonization; and this can 
be dealt with at the rate of 2 tons pe hour (or even quicker if 
in briquette form). The first cost of the plant and the space oc- 
cupied are but little greater than for a water-gas plant. With 
the exception of the clinkering period, one operator is sufficient. 
There are no producer troubles, nor is dust present in the flues 
or the gas. 

Coal gas only can be made if desired, or coal gas may be 
diluted with producer gas when the water-gas plant is standing- 
off. Owing to the short blow period, four units can be operated 
by one blower. It is intended to exhaust the gas; but a relief 
holder is not essential, as the coal-gas supply is not cut-off during 
the blow or clinkering operations. All the valves can be moved 
from a single operating handle. The heat losses of the combina- 
tion are reduced to a minimum. 

A study of the points of this system gives an impression that a 
suitable gas can be supplied to give satisfaction under a wide 
range of local conditions; and the residuals should com 
favourably with those of any other method of carbonization. e 
arrangement is applicable to a twin generator plant having the 
run in the reverse direction, or to a single generator plant. In 


the latter case only one-half the amount of coal to be carbonized 
can be carried. 





——_ ore —__ 


DIRECT-CARBONIZATION PLANT. 


By Hersert E, Smitu. 








great industry. We havein our hands, to offer to mankind, 
the only practicable solution of the great problem of the 
supply of fuel, potential energy in its most convenient and 
economical form, of utilizing to the full our great national 
asset, our coal supplies. With our technicians thoroughly 
educated and afterwards adequately trained and supported 
by the owners of our great undertakings, with theassistance of 
engineers capable of tackling our constitutional problems in 
the efficient manner revealed by the examples of their work 
at Belfast, which I have had the pleasure of describing to 
you, with our keen and well-informed Technical Press, 
which is such a potent instrument of desirable criticism, 
there is no reason whatever to doubt that we shall rise to 
such occasions as present themselves of proving that in gas 
lies the solution of the fuel problem, the economic problem, 
the smoke problem, and the health problem, particularly in 
our great cities. ‘ 
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THE FLOW OF GAS. 








In the Physics Lecture Theatre of Queen’s University, 
near the celebrated Botanic Gardens, a good number of 
the members, with friends, met to hear a lecture by Prof. 
W. B. Morton. The lecturer is a master of the science of 


the flow of fluids in pipes; and he framed his extempore 
utterances in such a manner that all could understand. He 
chose the subject of the flow of gases, because it furnishes 
one of the few points of contact between the work of the 
members of the Institution, whose aim is to produce a flow 
of gas along their distributing systems, and the interests of 
one who, like the lecturer, is concerned with the theoretical 
and mathematical side of physics, and for whom gas flow 
is a branch of hydrodynamics. For this occasion, gas was 
shorn of its chemical and thermal properties, and regarded 
merely as a fluid. 

Briefly put, the aim of the lecture was to call attention to 
certain facts in connection with the motion of a gas which 
appear paradoxical at first sight, and to indicate the general 
lines on which they may be explained. No attempt was 
made by Prof. Morton to give exact or full theory. This 
would require a good deal of mathematics, and, indeed, on 
some points, the theory is not yet complete. At the outset, 
it must be said that the phenomena in question do not lie 
within the range of gas-engineering practice. They are 
met with when the factors which determine flow are greatly 
increased from their customary values, when pressures are, 
reckoned in atmospheres instead of inches of water, and 
when the velocities actually attained by the flowing gas are 
very greatly magnified. 

There are, the lecturer pointed out, two essentially differ- 
ent types of motion to be considered: (1) The sudden 
escape of gas from the high-pressure side to the low-pressure 
side of an opening; (2) the steady flow of gas along a pipe. 
Dealing with (1), suppose, said Prof. Morton, gas escapes 
from a vessel in which the pressure is kept at a constant 
value—(say) atmospheric—into an outer space in which 
a partial vaccum is maintained by an air-pump. If the ex- 
ternal pressure is progressively diminished, at first there 
will be a corresponding increase in the rate of efflux. But 
this continues only up to a certain point, reached when the 
external pressure is about half the internal. From this 
point onward, the rate of outflow remains steady—no 
matter how much the external pressure is reduced. (This 
was demonstrated by experiment.) 

This result ceases to be surprising in the light of the 
kinetic theory of gases. The molecules of the gas are 
moving in all directions with speeds ranging about a certain 
average value. When an opening is made in the side of 
the vessel, molecules moving toward it pass out with the 
speeds which they possess. Ihe average of these speeds is 
what is recognized as.the velocity of the mass of gas in 
the jet, and therefore this cannot be pushed above a limiting 
value related to the average velocity of the molecules of 
the gas at rest in the vessel. This maximum velocity of 
efflux is thus characteristic of the gas in its given physical 
condition. 

Another characteristic velocity is that at which sound, or 
any disturbance of pressure, is propagated through the gas. 
Theory shows that these differently derived characteristic 
speeds are identical—+.¢., the rate of motion of the jet in 
the limiting condition is the rate at which sound waves 
would travel along the jet. A striking confirmation of this 
is found in the structure which is seen when the shadow of 
such a jet is cast on a screen by a small source of light, as 
in the well-known case of the streaky shadow thrown by 
the hot air rising from a flame. The jet is found to be 
divided into segments of equal length showing that its 
optical index is varying in a periodic manner, and, therefore, 
its density also. In other words, there are sound-waves in 
the jet; and they remain stationary in space because their 
velocity up-stream is equal to the velocity of the stream 
itself. They are analogous to the standing ripples seen on 
water on the down-stream side of an obstacle. [The struc- 
ture in a high-velocity gas-jet was shown.] 

Dealing with (2), the lecturer pointed out that when gas 
flows along a pipe there is a certain loss of head commonly 
ascribed to the force needed to push the gas along against 
the friction of the pipe. The gas does not, however, slide 
over the surface of the pipe; the outermost layer of gas, 


Précis of a Lecture by Prof. W. B. MORTON, M.A. 











owing to the inequalities of the surface, which are very large 
compared with the size of the molecules, has no forward 
velocity. The speed increases inwards to a maximum at the 
centre of the pipe ; and the friction to be overcome is that met 
with in the sliding of one layer of gas over another—+.¢., it is 
due to the internal friction or viscosity of the gas itself. 
Clerk Maxwell, in his pioneer work on the kinetic theory, 
investigated the origin of viscosity, and was led to the rather 
startling conclusion that it should be independent, within 
very wide limits, of the pressure of the gas. When the 
matter was put to the test of experiment, this was found to 
be true. The method used was to observe the effect of air 
friction in damping-out the motion of a number of circular 
discs mounted on a common axis which hung from a torsion 


*fibre. The discs thus oscillated in their own plane; and the 


effect of the air friction was increased by having fixed plates 
close to the faces of the moving ones. It was found that 
the motion died away at the same rate whether the air was 
at full atmospheric pressure or partially exhausted. [This 
experiment was also shown. |} 

From theory, the frictional drag on the moving plate is 
due to the fact that it is being struck by molecules which 
have come from a layer of gas where the forward velocity 
is less than that of the plate, so, at the impact, the molecule 
rebounds with an increased velocity, and the plate is corre- 
spondingly retarded. When there are fewer molecules, the 
number of these backward blows is less ; but this is exactly 
compensated by the fact that each molecule now travels 
farther before hitting the plate, and so brings to the latter 
a still slower velocity. 

It is interesting to contrast this kind of air-resistance to 
the motion of a surface in its own plane with that experi- 
enced by a surface moving broadside through the air. 
The former varies as the first power of the speed, and is in- 
dependent of the density ; the !atter is approximately as the 
second power of the speed, and is proportional to the den- 
sity. [A companion experiment to the last was shown in 
which a cardboard disc oscillated up and down, at the end 
of a spiral spring, under a receiver. When the air was par- 
tially exhausted, there was a markedly decreased damping 
of the oscillations.] 

Hitherto it has been supposed that the flow through the 
pipe was regular in character—+.e., that the lines of flow 
were straight lines along the pipe, without the formation of 
eddies or vortices. It was shown by Osborne Reynolds for 
liquids (and afterwards extended to gases) that this regular 
motion gives place, when the speed is sufficiently high, to 
an irregular turbulent motion. Ifa stream of liquid or gas 
is near a certain critical velocity, it is ready to change from 
regular to irregular motion under the influence of small ex- 
terna] disturbances. This seems the probable explanation 
of the well-known “sensitive flames ” which show a marked 
change of form under the impact of sound-waves of suitable 
pitch, 





The PREsIDENT, at the opening of the proceedings, said it gave 
him very great pleasure to introduce to the members Prof. W. B. 
Morton. The Institution were very highly honoured indeed in 
having a gentleman of Prof. Morton’s high intellectual attain- 
ments consenting to address them ; and from what he (the Presi- 
dent) had seen of the summary of his address, everyone present 
was assured of a splendid lecture. Prof. Morton was a product 
of Belfast, having been a student of the old Queen’s College, and 
afterwards at the Royal University of Ireland, and St. John’s 
College, Cambridge, where he obtained very high distinctions, 
which were brought to a crowning-point when he became a Pro- 
fessor at his old University. 

Mr. CuarLEs Woop (Bradford) said he was very glad indeed 
to have the opportunity of proposing a hearty vote of thanks to 
Prof. Morton for his lecture. Coming along to hear such an 
address as this made one wish to be back at school again. The 
facilities available now in the way of apparatus, &c., contrasted 
very strongly with the old days. He had thoroughly enjoyed 
listening to every word of Prof. Morton, and was sure it was 
the case with everybody present. Those who had been unable to 
hear the lecture had missed a great treat. 

Mr. STEPHEN Lacey, in seconding the vote of thanks, remarked 
that Prof. Morton had not known that he (the speaker) was read- 


ing a paper that morning; and he (Mr. Lacey) was not aware 
until after the paper was finished that Prof. Morton was going to 
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give this lecture. If he had arranged with Prof. Morton to give 
a lecture which would illustrate his paper, nothing better could 
have resulted than what they had just listened to. It would be 
remembered that he had that morning drawn attention to the 
contrast between streamline and turbulent flow, and had discussed 
the question of velocities. They were all indebted to the lecturer 
for a most delightful evening. 


The Presipenr said he cordially agreed that they had had a 
most interesting lecture. 





EIGHTH REPORT OF THE RESEARCH SUB-COMMITTEE OF THE GAS 
INVESTIGATION COMMITTEE.*—SUPPLEMENTARY NOTES. 


Prof. Morton, in acknowledgment, assured his audience that 
he regarded it as a very great honour to be permitted to contri- 
bute in this small way to the entertainment of this important 
Institution in Belfast ; and he loved talking about these things. 


He would, however, like to pass on the thanks of the meeting to - 


those to whom they were really due. The experiments shown 
had been the essence of the lecture; and for the carrying out of 
these experiments, he was indebted to his colleagues—Miss F. 
Chambers (who had designed various apparatus, and had done it 
remarkably well), Mr. J. Wylie, and Mr. A. Buick. 











The ‘‘Fairweather’’ Recording Gas Calorimeter. 





(Adopted by the Gas Investigation Committee, June 11, 1923.) 


Ir must be made quite clear that the task undertaken by 
the Research Sub-Committee was that of examining the 
“‘ Fairweather ” recording calorimeter supplied to it, in order 
to determine the behaviour of the calorimeter under-working 
conditions, with special reference to the requirements of the 
Gas Regulation Act of 1920. 

The Committee were not primarily concerned with the 
improvement and development of the recorder, although 
the nature of the tests carried out enabled suggestions to 
be put forward as to ways of eliminating some of the defects 
exhibited by the instrument received for examination. Other 
improvements originating with the makers or ‘their clients 
have been embodied in later instruments. 

No systematic examination of the recorder has been con- 
ducted since the Eighth Report was published in December 
last, but opportunity has occurred for examining the im- 
provement brought about in various parts of the recorder. 


TRANSFER OF RECORDER TO LEEDS. 


Since the Eighth Report was written, the recorder has 
been removed from Birmingham, and through the kindness 
of the Leeds Gas Department and Mr. Shapley (the General 
Manager) has been re-assembled at the Meadow Lane Gas- 
Works, Leeds, This transfer enables an examination of 
the recorder to be made in entirely new surroundings, and 
the recorder is finding use in connection with other work 
which the Research Sub-Committee have in hand. 


WatTeER CONTROL. 


A new steatite water nipple has been supplied for the 
recorder; and it is found that the water control has been 
greatly improved thereby. 

The following table shows that with clean water, at a 
uniform temperature, the flow departs from the theoretical 
by slightly less than o'5 p.ct. at either end of the tabular 











scale. . 
Flow C.Cs. in 4 Minutes. 
Reading on Error Error 
Tabular Gauge. oe oe rs in C.Cs. P.Ct. 
Theoretical. | Determined. 
SO a te. Rete 1800 1792 —- 8 — 0°45 
"920. .. lca 1840 1833 —-7 _ 
lcs. 4 5 1880 1874 —6 _ 
» seminary aur yaee 1920 1916 -4 _ 
i. a ae ee ee 1960 1958 — 3 — 
5°O08 2 are er 9 2000 2000 nil _ nil 
Bee 5. A Pie EG 2040 2041 +1 | — 
MOON oe! ie!) 6: heirtte 2080 2083 +3 | = 
>... 2 eee 2120 2125 +5 _ 
ee ee ee 2160 2167 +7 _ 
wee «es A is 2200 2208 +8 + 0°36 














It is believed that departure from the desired flow to this 
extent will be characteristic of the jets used, and that the re- 
sultant error will be betier eliminated by regraduating the 
tabular scale and adjusting the capacity of the air chamber 
to correspond, rather than by attempting to design nipples 
to correct this small outstanding error. 

Variation in water rate with temperature is still present 
to the extent shown in the original report, and can only be 
kept within the necessary limits by ensuring that the varia- 
tion in inlet water temperature over a testing period such as 
a week shall be limited to a few degrees. 





* For the text of the Report, see ‘‘ JOURNAL,"’ Vol. CLXI., pp. 462, 524, 
693, 766. Vol. CLXII., pp. 30, 106, 163,222, 598, 677, 744. 





The makers are working-out a new self-contained water 
circulating system for use in those places where on account 
of the nature of the water supply such a system is necessary 
or desirable. Our own instrument is in use for the time 
being directly on the Leeds town-water supply. This is a 
moorland water, and difficulties might have been anticipated 
of the kind encountered with the Birmingham water supply. 
However, the falling-off in water rate due to fouling of the 
water nipple is slightly under_o*5 p.ct. per week, so that it 
is possible to use this water supply with weekly cleaning 

«of the jet, without considerable errors accumulating in the 
meantime. 

It is possible that the organic matter present is of a differ- 
ent character or assumes a different state of aggregation 
from that of the Birmingham supply. It should be pointed 
out, however, that the Leeds observations cover a period from 
January to April, whereas the Birmingham tests were con- 
ducted in the autumn, when troubles with organic growths 
are usually more pronounced. 


Gas CoNTROL. 


A greatly improved and more accessible gas saturator has 
been fitted to the later recorders. The travel of the gas 
between saturator and meter is only a few inches, and the 
saturator is kept at a suitable temperature by the water 
overflowing from the meter jacket. We have not had the 
opportunity of testing the efficiency of the new saturator, 
but it is plain that in several respects it is an advance on 
the older pattern. A new burner of a modified Argand type 
has been designed by Mr. Fairweather for use in the calori- 
meter, and working pressures even less than those suggested 
in the Eighth Report are utilized. For ordinary grades of 
gas at 5 c.ft. per hour, we have found that the pressure 
required at the base of the burner is only 0-022 in. water 
gauge. When connected to the apparatus, and including all 
resistances encountered, the pressure necessary at the outlet 
meter is 0°055 in. water gauge. This more than meets the 
suggestion in the Eighth Report that the pressures at outlet 
meter should, if possible, be reduced to o*10 too'15 in. water 
gauge. On account of the low pressure required for the 
burner, there is a negligible variation in pressure at outlet 
meter with different grades of gas; and the following data 
show to what extent the gas control has been improved in 
consequence. 

















Description of Gas, Sp. Gr sa a meg 
Rich coalgas. .. . 0°43 650 5°00 
Coal.gas, vertical retorts 0°49 500 4°99 
Coal gas, medium inerts 0°56 450 4°97 
Coal gas, high inerts, 0°63 425 4°96 





The gas rate shown in the above table is that deduced 
from the rate of revolution of the meter drum, and it will 
be noted that for the comparatively wide range of specific 
gravities examined, the difference between the highest and 
lowest rates is only 08 p.ct. 

With the heaviest gas, however, the pressure drop across 
the meter was 0°02 in. water gauge less than with gas of 
sp.gr. 0°43, so that the capacity of the meter per revolution 
would be affected to the extent of o°3 p.ct., making the 
maximum observed variation in gas delivery 1°1 p.ct., in the 
above table. (See Eighth Report, pp.12-14.) [ JouRNAL,” 
Vol. CLXI., pp. 464-5.) 
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This variation, though small, is slightly greater than would 
be anticipated from consideration of tlre pressure necessary 
to operate the burner; and it is probable that differences in 
the viscosities of the gases used, and variation in the air 
draught through the calorimeter with different rates of heat 
generation, would account for the discrepancy. 

The pressure drop across the meter is subject to a cycli- 
cal fluctuation ; and in determining small pressure differences 
for controlling the operation of the meter, it is clearly 
necessary to take systematic readings to secure a correct 
value for the average pressure, or to take the pressure 
reading always in the same position relative to the rota- 
tion of the drum. 

Typical pressure readings showing the extent of this 
cyclical fluctuation are as follows: 

A. Reading of Meter Pointer. 


B. Pressure drop across meter, inches water gauge. 
C. Deviation from mean in thousandths of an inch water gauge. 
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As the pressure required for the new burner is so low, and 
pressure drop across the meter is unaltered, the pressure at 
the inlet meter has been considerably reduced, and is now 
about 0°3 in. water gauge, insteadof rin. The dry governors 
above the meter have been lightened to the uttermost, and 
are fitted with aluminium clamping plates instead of brass. 

With these altered governors the gas rate on the ordinary 
town supply has kept constant within + o2 p.ct. for several 
weeks. This is very good; but the makers are trying to im- 
prove upon it by the adoption of a balance governor, It is 
also hoped to remove thereby certain difficulties associated 
with the stiffening of the diaphragm leathers with age, and 





alteration in their loading by accumulation of oil upon the 
leather. 


VISIT TO THE DERBYSHIRE SILICA BRICK 
COMPANY’S WORKS AT FRIDEN. 


A party consisting mainly of the staff of the pottery (testing) 
department of the Central School of Science and Technology, 


Stoke-on-Trent, under the direction of Dr. A. Scott (Dr. Mellor 
being unable to be present), paid a visit on Saturday, June 9, to 
the Friden works of the Derbyshire Silica Brick Company. The 
visitors were met by the Managing-Director, Mr. Frank West, and 
the General Manager, Mr. J. W. Fagan. Unfortunately the 
weather was not too good, and it was reluctantly decided not to 
attempt an inspection of the silica pits. The party were conducted 
round the works in three sections, under the leadership of Mr. 
West, Mr. Fagan, and Mr. Carpenter, B.Sc. (Works Chemist). 

From the commencement it became evident, even to the 
uninitiated, that the works were run on thoroughly up-to-date 
lines; and this impression was abundantly confirmed during the 
round of inspection. .Even prior to the arrival at the works 
interest had been aroused by the mobile petrol locomotives and 
tractors. The method of conveying the material from the various 
pits to the large storage bins was first explained to the visitors. 
Four pits are being worked by the firm at the present time; the 
material being of the usual character—viz., white and grey argil- 
laceous sands. The Company are fortunate in possessing large 
reserves of raw materials on their estate of about 800 acres, the 
whole of which lies adjacent to the works. From the storage bins 
the material is first dried on floors heated by waste steam, and is 
then fed into perforated pans, whence it can be elevated to a con- 
veyor and passed through conveniently arranged openings into 
ageing bins. The extrusion machines are fed by bucket con- 
veyors; but before being made up into bricks and blocks, the 
peor is stored for several days during the so-called “ soaking 
period.” 

Adjacent to the extrusion machines are the extensive steam- 
heated drying floors, by the side of which kilns of the continuous 
type are erected. The visitors noted with special interest that 
both draught and carbon dioxide recorders were installed, and 
that regular pyrometer readings were taken. They were informed 
that, in the chamber at high fire, Cone 13 is fired down in a pro- 
tected position. The whole plant, it must be added, is admirably 
arranged to effect economy of labour. 

The works laboratory is of ample size and is adequately 
equipped. In addition to the work of systematically testing and 
controlling the firm’s products, Mr. Carpenter and his assistant are 
busily engaged in endeavouring to effect further improvements. 











CoRRECTION. 


It has been pointed out that in the Eighth Report, p. 25 
[** JournaL,” Vol. CLXIL., p. 30], under the heading ‘* Water 
Control,” 

W = water rate in cub. cm. per hour should read litres per 
hour, 





In connection with this report, a letter from Prof. Boys was 
read. 


Prof. C. V. Boys wrote: As your Institution was good enough to 
give me last year the opportunity to explain my method of dealing 
with the problem of finding a recording calorimeter which should be 
positive in all: its operations, and accurate, and the progress that 
I had made at that time, and asI have lately at the Royal Institu- 
tion explained my more recent improvements, I think it is desir- 
able to inform you that just when, quite recently, I had decided 
that the time had arrived when I was prepared to allow it to be 
put to severe test, a development of my calorimeter was brought 
to my notice which I felt to be of such profound importance that 
I consider that it is essential that this should be incorporated to- 
gether with the small variations which are the consequence. This 
means a further small delay; but where, as I have reason to be- 
lieve, increased perfection is obtained, at the same time as reduced 
cost, the admittedly great inconvenience of delay is less than that 
due to change of pattern at a later date, and it is better to post- 
pone official trials for the short time required. 


Mr. W. E. Price (Hon. Secretary): I have much pleasure in 
moving the adoption of this report. 

Mr. W. B. M‘Lusky (Halifax): I will second that. 

The PRESIDENT: Have you anything to say, Mr. Fairweather? 

Mr. CuarRLEs FAarkwEATHER: I do not think I have anything to 
say, except to compliment Mr. Wood and Prof..Cobb on the way 
they have carried out the tests. They have necessarily been ex- 
haustive, because of the accuracy that is required. This has led 
to criticisms which, in the main, have been well justified. We 
have never claimed that we have never made an error; and I 
think, generally speaking, the Institution have every reason to 
compliment themselves upon having the assistance of such men 
as Prof. Cobb and Mr. Wood to help them in these important 
investigations. I have no complaint to make about the report. 
I think it is perfectly true in all its facts. 

The PreEsIDENT put the motion for the adoption of the report, 
which was carried. 





They are, no doubt, encouraged in this work by the insistent de- 
mand for refractories which will withstand higher coking tem- 
peratures. 
. The generous and whole-hearted manner in which the manage- 
ment provided every facility for their visitors to make a thorough 
and detailed inspection of the entire plant was highly appreciated. 
After a substantial lunch, which was served on the works, Mr. 
Frank West offered his guests a hearty welcome in a brief speech, 
in which he referred to the cordial and intimate connection which 
had existed between the Friden works and the Stoke laboratory 
for many years. Dr. Scott replied in a suitable manner. After 
lunch, a cricket match was arranged between the visitors and 
their hosts. This was played on the firm’s sports ground, Mr. 
West acting as umpire. Again it had to be admitted that, whether 
in work or play, the watchword at Friden is “ thoroughness.” 
After having again partaken of the firm’s hospitality at tea, 
which was also served on the works, the party dispersed, full of 
enthusiasm for the manner in which they had been received. 


THE FUEL VALUE OF AIR-REGULATORS ON 
RETORT-SETTINGS. 


It is a long time since we have heard of the results that accom- 
pany the use of Brooke’s automatic air-regulators for retort-set- 


tings. An interesting letter on the subject has been received by 
the patentee, Mr. T. Brooke, of Bryn Estyn, Barmouth, from 
Mr. A. W. Smith, the General Manager and Secretary of the 
Birmingham Corporation Gas Department. The communication 
refers to fifty-two beds of inclined retorts at the Saltley Gas- 
Works, Birmingham; and its contents afford striking corrobora- 
tion of Dr. W. B. Davidson’s report of a few years ago concerning 
the working of these regulators on fifty-two similar beds at the 
Nechells Gas-Works. Mr. Smith’s letter states that the “Im- 
proved” air-regulators have been at work for some time on all 
the inclined settings at Saltley. They have given no trouble, and 
require no special attention. In addition to maintaining more 
constant retort temperatures and reducing the formation of clinker, 
and despite unfavourable conditions, the fuel consumption during 
the six months ended March 31 last was only 7 lbs. per roo lbs. 
of coal carbonized, as against an average of approximately 13 lbs. 
per 100 lbs. of coal carbonized during the last few years prior to 
the installation of the regulators. We might add that these regu- 
lators are also at work on all the horizontals, as well as a number 











of Woodall-Duckham vertical retort settings; and with these 
they are giving very good results. 
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NINTH REPORT OF THE RESEARCH SUB-COMMITTEE OF THE GAS 
INVESTIGATION COMMITTEE OF THE INSTITUTION OF GAS ENGINEERS. 





AERATION AND AIR’ INJECTION, 





Adopted by the Gas Investigation Committee, June 11, 1923. 


RESEARCH SUB-COMMITTEE. 


agen: Professor Arthur Smithells, C.M.G., D.Sc., 
die 


Representatives of the University of Leeds; Professor J. W. 
Cobb, C.B.E., B.Sc., F.1.C. (Honorary Secretary), Professor 
. B. Cohen, Ph.D., F.R.S., and Mr. G. R. Thompson, 

Sc. (One vacancy.) 

Representatives of the Institution of Gas Engineers: Messrs. 
H. E. Bloor, B.Sc., B.Eng., J. Bond, O.B.E., T. Glover, 
C.B.E., M.Inst.C.E., S. Tagg, C. Wood, O.B.E. Mr. 
T. F. E. Rhead, M.Sc., was co-opted a member of the Re- 
search Sub-Committee for the purpose and period of re- 
search work at Birmingham, and Mr. C. S. Shapley for the 
purpose and period of research work at the Leeds Gas- 
Works. 

Research Chemists: James W. Wood, M.Sc. (Tech.), 
A.I.C., on the relative efficiencies in use of different grades 
and compositions of gas; A. Parker, D.Sc. (Birmingham), 
M.Sc. (Manc.), F.I.C., on the comparative economies in 
production of different grades of gas. 


Research Assistants; Messrs. H. Kerr, A.I.C., Diploma Fuel: 


and Metallurgy (Leeds), G. B. Howarth, M.Sc., Gas Engi- 
neering (Leeds), A.I.C.,and A. C. Monkhouse, Ph.D. (Leeds), 
B.Sc., A.1.C. 


GENERAL INTRODUCTION. 


Tue Joint Committee on Gas Heating, Lighting, and 
Ventilation Research of the Institution of Gas Engineers 
and the University of Leeds have continued to act as Re- 
search Sub-Committee for the Gas Investigation Com- 
mittee of the Institution. 

The Staff engaged upon research work has been changed 
by the appointment of Dr. A. C. Monkhouse in place of Mr. 
F. S. Townend, who has gone on the technical staff of Sir 
Arthur Duckham. Investigation has been continued in 
several directions. 

Mr. James W. Wood, assisted by Mr. G. B. Howarth, 
has been occupied in making a careful study of the “ Fair- 
weather” recording calorimeter, and this matter being re- 
garded as urgent, a report detailing the results obtained was 
placed before the Gas Investigation Committee and adopted 
as their Eighth Report on Dec. 11, 1922. A further 
examination of some details has followed; and the results 
obtained are now issued as supplementary notes to the 
Eighth Report [p. 102]. 

A continuation has also been made of the work com- 
menced in the previous year on aeration in atmospheric 
burners, mainly a study of injector action ; and the results 
are embodied in the Ninth Report. Mr. Wood’s work is 
now being carried out in a laboratory at the Meadow Lane 
works of the Leeds Corporation Gas Department; and 
thanks are due and rendered to the Department, and to Mr. 
C. S. Shapley, the Manager, for the facilities which they 
have provided. 

Dr. A. Parker, with the assistance of Mr. H. Kerr, Dr. A. 
C. Monkhouse, and, at times, Mr. G. B. Howarth, has been 
continuing work on the water-gas process at tae Adderley 
Street Works of the Birmingham Corporation Gas Depart- 
ment. Anexamination has been made of the effect of alter- 
ing some of the existing conditions of operation of the blue 
water-gas plant, mainly the depth of the fuel bed; and the 
results are embodied in the Tenth Report, which may be 
taken as supplementary to the Sixth. 

We, as a Committee, take this opportunity of again ex- 
pressing our thanks to the Birmingham Corporation Gas 
Department and their staff, for the facilities and help they 
have continued to provide. We would also like to place on 
record once more our appreciation of the loyal and valuable 
services rendered by our own staff, particularly the two chief 
Research Chemists—Mr. J. W. Wood and Dr. A. Parker, 
who, as immediately responsible for the branches of research 
work committed to their charge, have continued to display 
the zeal, initiative, and resource which we have come to 
expect from them. 


* 
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(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


AERATION OF BURNERS. 
SUMMARY. 


Tests have been carried out upon the injection of 
air by gas under the simplest possible conditions, 
using plain tubes. 

The factors varied have been the length, diameter, 
and outiet resistance of the tube; the rate, pressure, 
and specific gravity of gas; the size and type of 
injecting jet; and direction of injection, whether up- 
ward, downward, or horizontal. Multiple jet injectors 
have not yet been examined. 

A limited number of tests has also been executed 
with ring burners of the cooker hotplate type. 

If the pressure (and with it the gas rate) is increased 
when working with the same burner and gas nipple 
with any one grade of gas, there is in the early stages 
a rapid increase in the degree of aeration. 

Above 2 in. water pressure (though this value varies 
somewhat with the size and type of apparatus used) 
the further increase in the degree of aeration with 
increase in pressure and gas rate is much smaller, 
and the air-gas ratio approaches a steady value. 

It was found to be strictly true in certain cases, and 
approximately so in others, that if the same injection 
tube and gas nipple were used, but the specific gravity 
of the gas increased, for the same gas pressure, the 
volume of air drawn in was unaltered—zi.¢., the air- 
gas ratio was inversely proportional to the gas rate. 
To what extent a useful generalization can be made 
in this connection cannot be said without further 
investigation. 

At equal gas rates, with the same burner and nipple, 
the degree of aeration increases with the specific 
gravity of the injecting gas; but there is no easily 
expressed quantitative relationship between the two 
in the cases we have examined. 

Increasing the outlet resistance of a burner by re- 
ducing the total outlet area, reduces the degree of 
aeration. This may be brought about either inten- 
tionally, by reducing the number or size of the out- 
lets for the air-gas mixture, or accidentally by cor- 
rosion or allied processes. 

A limit is placed on the extent to which burner 
resistance can be reduced by increase of outlet area, 
owing to the fact that the velocity of efflux of the 
mixture must be suitably related to its rate of flame 
propagation. 

Reducing the length of mixing tubes materially in- 
creases the degree of aeration; but these must be 
sufficiently long to permit of adequate mixing of the 
gas and air before reaching the burner head. 
Though the direction of injection—horizontal, up- 
ward, or downward—is important in determining 
aeration when long mixing tubes are used, as in 
some of our experiments, it does not seem to be 
of any practical consequence with the lengths of 
tubes employed in domestic appliances generally, 
excepting in such a case as that of an upright 
burner, where convection effects are intensified by 
the use of a chimney. 

If the specific gravity and pressure of gas are fixed 
for a particular burner, but the gas rate is adjusted 
by varying the size of nipple, the absolute quantity 
of air drawn in will increase with increasing size of 
nipple. The air-gas ratio however will fall. 

With constant specific gravity, pressure, and B.Th.U. 
consumption, but with reduced calorific value of gas 
(usually accompanied by a reduced air-requirement 
per c.ft. of gas) the larger nipple will produce a 
lower air-gas volume ratio, as already indicated (10) ; 
but the degree of aeration, expressed as a percentage 
of the air requirement for complete combustion, will, 
in general, be increased. 

Back-firing may prevent the employment of the full 
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amount of air which an appliance is capable of in- 
jecting. Special adjustment or design may be neces- 
sary to utilize certain gas mixtures, such as blue 
water gas, with a high proportion of their theoretical 
air requirement as primary air. 
We have not found it possible to deduce the degree 
of aeration of a burner, even approximately, by 
equating the momentum of the issuing air-gas mix- 
ture to the momentum of the injecting gas-jet issuing 
from an orifice under prescribed conditions. This 
statement also applies, but with even greater force, 
to the kinetic energies of injecting gas jet and air-gas 
mixture. 
The American Bureau of Standards put forward the 
view that there is a constant ratio (as distinct from 
equality) between the momentum of the injecting 
gas jet and that of the air-gas mixture issuing from 
a burner, so long as the mechanical condition of the 
burner is unaltered, and that this ratio is a charac- 
teristic constant for each particular burner, despite 
variations in gas rate, pressure, or specific gravity, 
and that it can be experimentally determined. 
While this is true in certain cases, it does not 
apply in many of our experiments, or to domestic 
boiling burners within the range of 1 to 3 in. water 
pressure. It cannot therefore be regarded as a satis- 
factory generalization; and the more exact specifica- 
tion of the conditions under which the rule holds is 
desirable, but entails further investigation. 
Determinations have been made of the viscosities of 
typical gas and-air-gas mixtures, in order to deter- 
mine whether such variations as occur are likely to 
be of any consequence in their influence upon air- 
injection. 


(3) 


(14) 


(15) 


INTRODUCTION. 


The present work represents another phase in the investi- 
gation of the relative efficiency in use of different grades o 
gas, which investigation, it will be remembered, was tem- 
porarily suspended in order to deal with the urgent question 
of recording calorimeters. (See Fifth and Eighth Reports 
of the Gas Investigation Committee.) 

One of the most important findings of our earlier work 
was that thermal efficiency in use was, over a very wide 
range (350-550 B.Th.U.),* practically independent of the 
composition and calorific value of the gas used, provided the 
gases were supplied at equal thermal rates and that the 
conditions of use were such as to permit of the satisfactory 
application of the heat units generated. For some of the 
gas qualities certain minor, but easily executed, burner ad- 
justments were necessary ; and some slight modification of 
the conclusions was called for in the case of lighting. The 
idea of thermal equivalence of different grades of gas under- 
lies the essential provisions of the Gas Regulation Act, 
1920. 

"Tesiee investigated the efficiency in use of different 
grades: of gas in existing appliances, the next step is to 
determine in what directions these efficiencies can be in- 
creased, by improving either the conditions of use or the 
burners in which the gas is consumed, Attention is at once 
directed to the degree of aeration both actually attained and 
attainable in different cases, and its influence upon the 
character of the combustion and, consequently, upon the 
efficiency in use of the different grades of gas. Thus it 
was found (First, Second and Third Reports of the Com- 
mittee) that some of the gases of higher calorific value 
(550 B.Th.U. and upwards) yielded their maximum effi- 
ciencies only when used with special precautions in carefully 
regulated burners, and that the falling-off in efficiency ob- 
servable with the same burners, as ordinarily used, was 
traceable to the fact that they failed to inject sufficient 
primary air for these grades of gas. Increased primary 
aeration was undoubtedly one of the contributory causes 
of the higher efficiencies, and is, in fact, frequently put for- 
ward as the principal reason for the remarkable efficiencies 
reported from time to time for high-pressure burners. 
There are few undertakings in this country to-day which 
are supplying gas of 550 B.Th.U. per c.ft., and knowing 
that in general the air requirement per c.ft. of gas falls with 
its calorific value, one might expect that adequate aeration 
could be obtained with the gases of 450 to 500 B.Th.U., which 
now form the major portion of our supply. Thus, typical 





* All calorific values are in B.Th.U. gross per c.ft. at 60° Fahr. and 30 in. 
barometer (moist). 


commercial gas mixtures ‘require per c.ft. for their complete 

combustion quantities of air varying from about 2°5 c.ft. (300 

B.Th.U. gas) to 5°8 c.ft. (550 B.Th.U.). A low-pressure 

burner which would inject only 2 c.ft. of air per c.ft. of gas 

would be injecting a very inadequate supply for the 550 gas 

(about 35 p.ct. theoretical aeration), but a very generous 

supply, 80 p.ct., for the 300 B.Th.U. gas; this probably being 

a greater percentage of theoretical aeration than would be 

attained with the 550 gas in a high-pressure burner. 

There is, however, a very important factor to take into 
account here. With any particular appliance we must 
assume that all grades of gas are to be delivered at the same 
thermal rate ; and, for obvious reasons, this end cannot be 
attained with the gases of lower calorific value or higher 
specific gravity by resorting to increased gas pressures. 
The alternative lies in opening-out the nipples to operate 
with the same pressures as before. Most varied opinions 
have been expressed as to the probable effect of such an 
adjustment upon the degree of aeration. 

Clearly it is a matter of considerable importance, and one 
which is best decided by direct appeal to experiment. The 
present report is only intended as a record of preliminary 
tests, which have been designed and carried-out in order to 
determine the lines upon which a more exhaustive investi- 
gation might be conducted. Attempts have been made to 
gather information as to the degree of aeration attained in 
a simple empirical apparatus and in typical burners when 
operating conditions have been varied. Thus, gas quality 
(sp. gr.), pressure, and gas rate have been varied, also the 
size of the gas nipple and the type of apparatus into which 
air has been injected. Some of the results are given, and 
comparisons are made in the body of the report, 

The subject of aeration is one of the utmost importance 
to the design of burners and the successful utilization of gas ; 
and this is held to be sufficient to justify its investigation 
by the Research Sub-Committee. 

As already indicated, the present report represents only 
the preliminary stages ofthe enquiry. The subject is not a 
simple one; and the following formidable list, though not 
exhaustive, and containing items which might with con- 
venience be sub-divided, indicates some of the factors 
which must receive attention in an investigation of aeration 
problems. 

Calorific value, and the gas rate neces- 
sary to secure the desired thermal 
delivery. 

Specific gravity. 

Theoretical air requirement. 

Permissible degree of aeration in burner, 

Pressure available. 


The.Gas ... + 


™~ 


Thermal output of burner. 

Size and design of nipple orifice, or orifices. 

Design of injecting tube. 

Dimensions and shape of burner head. 

Size, number, and distribution of flame 
outlets. 

Air-shutter, or other air-regulation de- 
vices. 

General mechanical condition and finish. 


Thermal phenomena associated with heat- 
ing-up of burner body or casting. 

Convection and “ chimney-pull ” effects. 

Influence of proximity of body being 
heated. 

Suitability of size and shape of flame, 
these being vital in the case of gas-fire 
and incandescent-burner operating. 

Provision for secondary aeration, com- 
‘pletion of combustion, and removal of 

. products. 


METHODS FOR THE DETERMINATION OF THE DEGREE OF 
AERATION OF BuRNERS. 


The Burner 4 


~~ 


Other 
Factors 





When a gas injector is in operation, a region of low 
pressure is produced near the gas-jet. If the whole of the 
jet and entrance to the burner are enclosed in an airtight 
box, as indicated in fig. 1, then, after a time, a slight but 
appreciable vacuum will be produced in the box. This 
vacuum has been measured by several workers under 
different operating conditions, but it is difficult to see how 
the results are to be translated into attainable degrees 
of aeration or injector efficiences. If, however, air is 





metered into the box at such al|rate that level gauge is 
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Fig. 1. 


maintained therein, an exactly equal amount of air must 
be carried out by the injector, which is then working under 
precisely the same conditions as when not surrounded by 
the box. 

It is thus possible to determine directly and rapidly the 
air-gas ratios, and to avoid all the sampling difficulties and 
uncertainties associated with other methods. This is 
essentially the method outlined by Mansfield (“ JouRNAL,” 
1909, p. 102) and used with slight modification by the 
American Bureau of Standards (Technologic Paper 193). 

A difficulty in applying this method lies in the necessity 
it introduces for extremely accurate control of ;air supply 
and measurement of minute pressures. In this class of 
work 1/100 in. water gauge is a_ considerable pressure, 
and if possible 1/10,000 in. should be measurable. Our 
first attempts at aeration measurements were made with 
this type of apparatus; but as our most sensitive pressure 
gauge would not indicate less than 1/200 in. water gauge 
with certainty, the method was abandoned. However, in 
view of the apparently successful experiments of the’ Bureau 
of Standards, this method is being re-investigated. In pass- 
ing, it may be noted that by metering-in gas and air (but 
disregarding the slight vacuum or plenum in the box) it is 
possible to determine the degree of aeration corresponding 
to specified flame characteristics for given burners or gas 
mixtures; to determine the permissible limits of operation 
as regards gas rate and degree of aeration; and to compare 
these with the actual performance of the burner when work- 
ing in free air. The possibilities of the method ‘therefore 
make it worth while trying to overcome the experimental 
difficulties. 

All the air-gas ratios given in this report were deduced 
from chemical analyses. For this purpose it is necessary 
for a sample to be taken at a point where the air-gas mix- 
ture has become homogeneous, and the sampling device 
must be so small as not to oppose any appreciable extra 
resistance to the passage of the mixture. The air-gas ratio 
is deduced from the degree of dilution of some characteristic 
constituent of the gas. 

Attention was first turned to CO,, present in typical gas 
mixtures from about 2} p.ct. upwards. With an air-gas 
ratio of 4:1, the CO, content of the mixture falls to o'5 p.ct., 
which demands an accuracy of 0005 p.ct. in the CO, deter- 
mination if the air-gas ratio is to be determined with a 1 p.ct. 
accuracy. 

Attempts were first made to utilize the larger apparatus 
designed by Haldane for air analysis. With synthetic mix- 
tures of air and o'5 to 1°o p.ct. pure CO, excellent concordance 
of results was attainable, and the end of the absorption was 
well defined. When, however, the accurate determination 
of CO, in coal gas or coal-gas-air mixtures was attempted, 
the process was not successful. There was at first a rapid 

absorption equal] to about 90 p.ct. of that finally attained, 
but unfortunately absorption continued and was still pro- 
gressing after half an hour. The end-point was therefore 
badly defined. In all probability this is associated with 
the slow mechanical solution of the unsaturated hydro- 
carbons by the potash solution. This difficulty also arises 
if the same apparatus is used for the determination of minor 
constituents of coal gas, but not in the case of flue gases. 
As an alternative, the Pettenkofer baryta process was con- 
sidered, but was rejected. The large samples of gas required 
would represent too great a proportion of the total air-gas 
mixture produced, and their collection would occupy a long 
time, during which gas rate, &c., would have ‘to be main: 
tained very steady, thereby greatly increasing the experi- 
mental difficulties, Determination of oxygen or nitrogen 
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cases where CO, is present in very small quantity or is 
absent altogether. 

Finally, the modified Bone and Wheeler apparatus de- 
scribed in the Fourth Report of the Gas Investigation 
Committee was utilized. A sample of gas was taken and 
measured ; the whole being then oxidized by repeated pas- 
sage over red-hot copper oxide. The volume of CO, thus 
produced was determined (usually amounting to 40 to 50 p.ct. 
of the gas taken and being capable of determination with 
an accuracy of 1 part in 400 with ease). 

A sample of the air-gas mixture was treated in the same 
way; and a 4:1 mixture could be determined with an accu- 
racy of about 1 p.ct. The process becomes less accurate 
as the degree of aeration increases; but this is not likely to 
be a difficulty for the mixtures formed in typical burners. 
On the whole, the process has been very successful, and is 
not unduly tedious; it has not, however, quite so wide a 
range of usefulness as the method first described—+.c., the 
direct metering of gas and air. 


AERATION DETERMINATIONS IN PLaIn TuBEs. 


For preliminary aeration tests it was desired to design an 
apparatus of the utmost simplicity, which could be readily 
reproduced. Certain of the factors concerned in air injec- 
tion could then be isolated and studied in their most ele- 
mentary forms, and other factors could be added in turn, 
until the full complications of actual burner design were 
reached. In our first experiments, therefore, injection took 
place into plain horizontal glass tubes, these being selected 
on account of their smoothness. Tubes 1 yard long were 
employed, as the method of determining the air-gas ratio 
of the mixture formed in the tube depends in the first place 
upon the assumption that the mixture is homogeneous ; and 
sufficient travel for thorough mixing to take place must 
therefore be allowed. As will be seen from fig. 2, the tubes 
were supported some 6 in, above the bench; and every care 
was taken, in supporting both the tubes and the jets, not to 
interfere in the slightest degree with the free approach of 
the air to the inlet end of the tube. Glass jets, as described 
in another section, were used for injecting the air; and the 
disposition of meter, pressure gauge, and sampling device 
are seen in fig. 2, The sampling tube was about o'o2 in. in 
diameter, and was placed centrally at the outlet end of the 
tube. 

The air-gas ratio was determined by chemical analysis 
as already described. 

The necessary observations included determination of gas 
rate, pressure, and specific gravity, and analysis for the CO, 
produced per unit volume of gas and of air-gas mixture. 
As both gas and air were substantially at the same temper- 
ature, it has been decided ‘to report all gas volumes as de- 
livered to theapparatus—i.e., they are not reduced to 60°F ahr. 
and 30 in. barometer. This may cause slight discrepancies 
in places, but none of any consequence. ‘There are certain 
objections to reducing all volumes to 60° Fahr. and 30 in. 
barometer in this class of test. 

As glass tubes were used, attempts were made, but 
without any marked success, to determine qualitatively the 
character of the issuing gas jet, the nature of the disturb- 
ance caused when the gas and air first come into contact, 
and the subsequent travel and admixture of gas and air. 
For this purpose smoke clouds were used, as well as small 
quantities of ammonia in the gas and hydrochloric acid in 
the air, which give rise to clouds of ammonium chloride 
wherever they come into contact. 


TESTS CARRIED OUT. 
GROUPS I AND 2. 


These tests were carried out with two grades of gas of 
sp. gr. 0°48 and 0°67 respectively. The lighter represents 
a typical coal gas, and the heavier is almost a limiting 
value for water-gas mixtures whether blue or carbu- 
retted, The range will also cover practically all gases of low 
calorific value unless excessive dilution with producer gas, 
cr the like, is contemplated. The results obtained there- 
fore shoulc give ‘information of a wide range of mix- 
tures. The same gas jet was used throughout. The other 
variable factors were the gas rate, which was changed by 
suitably altering the pressure on the jet, and the size of 
tube into which the gas was injecting. The tubes were 
approximately rs, vs, %, g and 1} in. in diameter, each 


instead of CO, possesses little advantage except in those. 










tube having roughly one-half the area of cross-section of 
the next larger size. The smallest tube has a diameter 
corresponding with an ordinary Bunsen burner as used in 
the laboratory, and the intermediate sizes correspond with 
the mixing tubes of typical cooker and gas-fire burners, 
except of course as regards length. 

The maximum gas rate is only 10 c,ft. per hour, cer- 
tainly small for any but the two smaller tubes, notwith- 
standing the fact that pressures up to 6 in. water gauge 
were used. This covers a range of consumption suitable 
for lighting and small cooker burners; and corresponding 
tests using larger jets and higher gas rates with one of 
these tubes are reported at a later stage. No attempt was 
made to burn the mixture issuing from the end of the tubes 
in these tests. 

The.results obtained are indicated in figs. 3 and 4. For 
convenience in tabulating and making supplementary cal- 
culations, values have been taken from fig. 3 to correspond 
with even gas rates, or from fig. 4 to correspond with even 
gas pressures. 
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Fig. 4. 
TABLE I, 
Analysis of Gas Used (Coal Gas). 
CO, , 3°2 
Og. -« oO’! Sp.gr.,.0°48. 
CmHn. 2°3 
co 8'2 { C.V., 518 B.Th.U. (gross) per c.ft. at 60° Fahr., 
ae 30 in. bar, 
Hy, . 43°2 : : . 
CH, .. 29°9 Air theoretically required per c.ft. gas =.4°56 c.ft, 
Ng. 13°0 
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Set 1.—See Curve (1), Fig. 3. 


Made with tube No. 1. 1°241 in. dia, = 1‘209 sq. in. area. Length, 36in. 
Jet F—dia., 0'0559 in. = No. 54 Morse drill (approx.)* = 0'00245 sq. in. 








area, 
Uncorrected Gas Pressure on Jet. ‘ : 
pe ny Tabular Number. Inches Water Gauge. Air-Gas Ratio. 
2°0 0'986 0°26 7°50 
4°0 0° 987 0°87 9°56 
6'0 0°989 1‘79 10°52 
8'o 0'989 3°06 11°04 
10°0 0'989 4°66 11°30 














Set 2.—See Curve (2), Fig. 3. 


Made with tube No. 2. 0°8303 in. dia. = 0°5414 sq. in. area. 
Jet F as for Set 1. 





2°0 0°980 0°26 3°98 
4°0 0° 980 0°87 5°69 
6'0 0'980 1°79 6°49 
8'0 0'978 3°06 6°88 
10°0 0'978 4°66 7°09 





Set 3.—See Curve (3), Fig. 3. 


Made with tube No. 3. 0°6280 in. dia. = 0°3097 sq. in. area, 
Jet F as for Set r. 





2°0 0° 966 0°26 2°29 
4°0 0° 968 0°87 3°46 
6'0 0° 967 1°79 Se 
80 0°968 3°06 4°47 
10°0 0°965 4°66 4°67 













* Nearest drill size to measured diameter. 


Set 4.—Scee Curve (4), Fig. 3. 


Made with tube No. 4. 0°4314 in. dia. = 0'1462 sq. in. area. 
Jet F as for Set 1. 





2°0 0'962 0°26 0°97 
4°0 0'963 0'87 1°63 
6'0 0°964 1°79 2°12 
8'o 0961 3°06 2°47 
10 0 0°964 4°66 2°69 





Set 5.—See Curve (5), Fig. 3. 


Made with tube No. 5. 0°3221 in. dia. = 0°0815 sq. in. area. 
Jet F as for Set 1. 











2°0 0°959 0°26 0°30 
4°0 0°959 0°87 0°74 
60 0°959 1°79 1°09 
80 © 959 3°06 1°34 
10'o 0°959 4°66 1°58 

TABLE 2. 
Analysis of Gas Used. 

CO, .. I'9 

> ae 78 

CmHn. . 1°5 This gas is coal gas with the addition of about 30 

co... 4°7 p.ct. of air to increase the specific gravity. 

He. « 27°7 

ai. -« 38°s 

Ng. . 381 Sp.gr., 0°67 

100°0 


Set 6.—See Curve (6), Fig. 3. 
Conditions as in Set 1, Table I.—i.e., Tube No. 1 and Jet F. 





Uncorrected Gas 
Rate. Tabular Number. Pressure on Jet. Air-Gas Ratio. 
C.Ft. per Hour. 





Inches Water Gauge 
2°0 0°975 0°35 8°90 
4'° 0°975 1°21 10°80 
6'0 0°974 2°45 11°69 
80 0°973 4°17 12°37 
10'o 0°973 6°35 12°75 














Set 7.—See Curve (7), Fig. 3. 
Conditions as in Set 3, Table I.—i.e., Tube No. 3 and Jet F. 





2°0 0'983 0°35 3°16 
4°0 0'984 1°21 4 49 
6°0 0'985 2°45 5°17 
8'o 0'985 4°17 5°51 
10°0 0° 983 6°35 5°69 




























































Set 8.—See Curve (8), Fig. 3. 
Conditions as in Set 5, Table I.—i.e., Tube No. 5, and Jet F. 





2°0 0'978 0°35 0*60 
4°0 0°978 I'2r ‘m7 
6:0 0'978 2°45 1°58 
8'o 0°978 4°17 1°89 
10'0 0'978 6°35 2*10 








NotTEe.—In order to obtain a gas of suitable specific gravity, coal gas 
was mixed with about 30 p.ct. of air. The air-gas ratio given in the table is 
the ratio of injected air to the volume of ‘‘ gas '’ of the composition indicated 
above. No account is taken of air originally present in the ‘‘gas.’’ If, 
however, it was desired to consider the probable character of the final 
mixture as regards combustion, one would naturally have to take into 
account all air present, in relation to the requirements of the combustibles 
present. We are here only considering the injector aspect of the question. 


The first thing to strike one in looking at these figures is 
the extremely high degrees of aeration attained in certain 
cases with quite moderate pressures ; quantities of air being 
injected far in excess of that theoretically necessary for 
complete combustion of the gases used, or even for a rich 
gas such as one of 600 B.Th.U. per c.ft. 

It must, however, be pointed out that the velocities 
attained by the mixtures, especially in the larger tubes of 
Sets 1 and 2, are far below the rates of flame propagation 
for the mixtures concerned ; and it would therefore not be 
possible to maintain a stable flame at the end of the tube, 
since the mixture would immediately flash back. Further, 
the outlet resistance of these tubes is small, and it is not till 
we come to tubes 3 and 4 that outlet areas comparable with 
those of typical domestic boiling burners are reached. 

From fig. 3, it is seen that in every case an increase in 
the air-gas ratio results from increasing the gas rate when 
a fixed jet is employed. At first this increase is very rapid, 
but the rate of increase soon diminishes, and it would appear 
that the air-gas ratio then gradually approaches a steady 
figure characteristic for each size of tube and grade of gas. 
The change in direction of the aeration curve is less pro- 
nounced with the smaller tubes and lower air-gas ratios. 

If the air-gas ratios are plotted against the pressure on 
the jet, as in fig. 4, similar relations hold good, but the 
change in direction of the curves at the lower pressures, 
—e.g., below 2 in.—is slightly more pronounced. Above 
2 in. water gauge, the increase in aeration brought about 
by increasing the pressure is relatively small. 

In a limited number of cases we have worked up to jet 
pressures of 12 in. water gauge, but so far as the present 
apparatus is concerned have been able to obtain degrees of 
aeration only very slightly greater than those shown in 
fig. 4. Of course, in these circumstances, the absolute 
quantity of air drawn in, and the velocity of the mix- 
ture, increase in proportion to the gas rate at the higher 
pressures, so that well-aerated mixtures which were on the 
point of back-firing at (say) 6 in. pressure, would in the 
same apparatus maintain stable flames at 12 in. pressure. 
This may have a bearing upon high-pressure burner opera- 
tion. 

The treatment of aeration problems would be greatly 
simplified if we were concerned with jet pressures of say 2 
to 6 in. water pressure, where the air-gas ratio suffers 
little variation with pressure; but ordinary low-pressure 
burners in this country normally work between 1 and 3 
in. water pressure, where it is seen that the air-gas 
ratio changes considerably for a small change in jet pres- 
sure. Moreover, within this range it is found that, while 
curves such as those shown in fig. 4 may exhibit the same 
general characteristics, they are liable to be considerably 
displaced by slight alterations in the mechanical condition 
of the jet, its discharge coefficient, or its centreing within 


TABLE 3. 





Relative Quantities of Air drawn in by Gases of 
Sp. Gr. 0°67 and 0°48 respectively, when passed 
through the same gas jet at equal rates, 





Gas Rate Cubic Feet 





per Hour, | Injecting into Injecting into Injecting into 

Large Tube Medium Tube Small Tube 
No. 1. No. 3. No. 5. 

| Dia 1°241 In, Dia. 0°628 In, Dia. 0°322 In. 
3. eae bite Pua 1°18 1°38 2°00 
IG. aie «sip te 1°12 1*30 1°58 
60. . i « 4 I‘Ir 1°26 1°45 
S°o! oot 6 1°12 1°23 1°4! 
20°O-. » bia: 3 I'I3 1°22 1°33 














Ratio of specific gravities a = 1°395 
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TABLE 4. 





‘ 
Large Tube (1°241 In. Diameter.) | Medium Tube (0°628 In. Diameter). 




















Gas Rate. Small Tube (0322 In. Diameter). 
Gas Pressure. 
ee aac Rel C.F Relati C.F Relat C.F 
auge. . . ative .Ft. s elative Ft. . elative t. 
_ C.Ft. nm of Air-Gas Gegres of Air Drawn 5 my Degree of | Air Drawn _— Degree of | Air Drawn 
per Hour. | Gas Rates. Ratio, Aeration. jin per Hour. a. Aeration. |in per Hour. reabes Aeration, |in per Hour. 
I *4°3 1° 195 9°8 1°07 42°2 3°6 1°09 15°5 0°80 1°34 3°44 
*3°6 10°5 37°8 4°3 15°5 1'07 3°86 
2 6°4 1*200 10°7 1°07 08'5 4°2 1°085 26°9 1°15 1°28. 7°36 
5°35 II'5 61'5 5'0 26°8 1°47 7°85 
3 7°95 1°178 I1'04 1°085 87°8 4°5 1°08 36°6 1°33 1°28 10°6 
6°75 11°97 80°8 5°3 35'8 1°70 II'5 
4 9°30 1°180 II‘25 1°09 104'8 4°6 1085 42°7 1°50 1°27 13°8 
. 97°° 5°45 42°9 Igo 14°9 












































Ratio sp. gr. = 1°395- 


the injector tube; and it is matters of this kind which 
render it difficult to predict the behaviour of burners under 
specified operating conditions. 

The effect of a change in specific gravity of the gas is 
worthy of some study, since it has important bearings upon 
burner operation in practice. In all cases, the air-gas ratio 
with the gas of sp. gr. 0°67 is greater than with the gas of 
sp. gr. 0°48, when injecting into the same tube, whether 
comparisons are made at equal gas rates or at equal gas 
pressures. Compare curves Nos. 1 and 6, 3 and 7, 5 and 8 
in figs. 3 and 4. 

Comparisons at equal gas rates are of interest, since the 
two gases issue with equal velocities from the same jet, 
and the specific gravity is the variable—i.c., the mass of 
gas issuing per unit time is different. The relative quan- 
tities of air drawn in are shown in Table 3 on the previous 

age. 

° in the case of the large and medium-sized tubes, the 
relative quantities of air drawn in, roughly speaking, remain 
constant; but the statement is only very approximately true. 
In the case of the small tube, the statement could not be 
upheld at all. Further, there is no simple connection 
between the relative specific gravities of the two gases and 
the relative quantities of air drawn in, notwithstanding 
the fact that they are being supplied through the same jet 
at equal rates. 

Of greater interest, perhaps, is the comparison of aera- 
tion data when equal jet pressures are considered. The 
effect of alteration in the specific gravity of the gas when 
the appliances are not altered in any way, and pressures 
are kept constant, is a matter of great practical importance. 

The first effect of an increase in specific gravity is, of 
course, a reduction in gas rate. The usual method of calcu- 
lating the rate as being inversely proportional to the square 
root of the specific gravity is accurate enough for many 
purposes, though the rate determined by direct experiment 
we have often found to differ by as much as 5 p.ct. from 
the calculated figure, due to minor disturbances and varia- 
tion in the discharge coefficient of gas nipples with gas 
rate or pressure. The reduction in thermal delivery is at 
once obtainable when the gas rate and calorific value of the 
gas are known. 

Table 4 has been drawn up on similar lines to Table 3, 
using equal pressures, instead of equal gas rates, as the 
basis of comparison. 

With any one injector-tube the relative degrees of aera- 
tion remain more nearly constant than in Table 3, but there 
is still considerable difference in the ratios for the large and 
small tubes, and once more the figures are not related in 
any simple manner to the change in specific gravity of the 
gas. If, however, the rate at which air is drawn in is calcu- 
lated from the product of the air-gas ratio and the gas rate, 
an approximate relationship can be established. 

It will be noted that the figures for c.ft. of air drawn in 
per hour run in pairs, and that for the same tube and same 
nipple pressure, the quantity of air drawn in is independent 
of the kind of gas used in the injector. This statement is 
almost mathematically true for the medium-sized tube, but is 
about ro p.ct. in error for the large tube and the small one; 
the divergence being consistently in opposite directions with 
the two tubes. This points to some secondary disturbance 
rather than experimental irregularities. If by further ex- 
perimental work this approximate equality of air entrain- 
ment at equal pressures can be established for typical gas 
burners, it will be most valuable, as a complete determina- 


* Upper figures of each pair for gas of sp. gr. 0°48, lower for sp. gr. 0°67. 
V1°395 = 1°180, 


gas, will enable the aeration to be calculated for other grades, 
provided, of course, no air-shutter adjustment (or its equiva- 
lent) is made when the gas quality is changed. 

It will be noted that at all gas rates the air-gas ratio 
increases very considerably with increase in the area of 
cross section of the tube into which the gas jet is injecting 
(fig. 3). It is not, however, legitimate to conclude from 
these results that an increase in the size of the mixing tube 
or injecting tube of a burner will lead to increases in the 
degree of aeration comparable with those given in the tables. 
At least one other important factor has been simultane- 
ously altered by increasing the size of tube—viz., the outlet 
resistance of the system. These experiments have been re- 
peated, but with a constant outlet area, as would be the case 
with a burner provided with fixed drillings; and the results 
which follow immediately are quite different. 


Group 3.—INFLUENCE OF OuTLET RESISTANCE. 


In view of the nature of the results obtained in Groups 1 
and 2 when the diameter of the tube into which the gas was 
injecting was changed, it was considered desirable to repeat 
the tests with a constant outlet area, obtained by fastening 
on to the end of the tubea thin diaphragm, in which a sharp- 
edged orifice of suitable size had been cut. In order to 
obtain a complete series of tests it was necessary that the 
hole in the diaphragm should not be larger than the diameter 
of the smallest tube, and the hole was accordingly made + in. 
diameter. 

Gas of sp. gr. 0°67, as used for the tests of Table 2, was 
employed. 

The results obtained are indicated by Table 5 and fig. 5. 


TABLE 5. 


Set 9.—Tube No. 1 as in Set 1, with +5;-in. Diaphragm Cemented to 
Outlet. Jet F. See Curve (1), Fig. 5.. Sp. Gr. of Gas, 0°67. 











Gas Rate 
Gas Pressures. . . 
hogy Tabular Number. In. Water Gauge. Air-Gas Ratio, 
2°0 0°976 0°35 1°23 
3°0 0°976 ° 75 0°93 
4°0 * 0°976 1°21 og! 
60 0°976 2°45 0°97 
8'o 0'977 4°17 I‘'o2 
10°o 0'977 6°35 I'og 














Set 10.—Tube No. 3, as in Set 3, with +5;-in. Diaphragm Cemented to 
Outlet. Jet F. See Curve (2), Fig. 5. 





0°977 


2°0 0°35 1°04 
4°0 0°977 1°21 I*Io 
6'0 0°977 2°45 1°16 
8°o 0°977 4°17 1°18 
100 0°977 6°35 1°22 





Set 11.—Tube No. 5 as in Set 5, with +5;-in. Diaphragm Cemented to 





Outlet. Jet F. See Curve (3), Fig. 5. 
2°0 0°970 | 0°35 0°50 
4°0 0'970 1°21 1°04 
6*0 0'971 2°45 144 
8'o o'971 4°17 } 1°77 
10°0 0°972 6°35 | 2°00 


-_ -—— — $$ — —_— } — 


When the diaphragm was cemented on to the end of the 
smallest tube, it formed the merest ridge round the outlet. 
As might be expected, the degree of aeration was found to 











tion of the aeration curve with pressure, using one grade of 





be only slightly lower than in the corresponding test for 
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the same tube without thediaphragm. Curve 4, fig. 5, has 
been re-plotted from fig. 3 to facilitate this comparison. 

For the medium-sized tube (curve 2) there is a consider- 
able drop in the degree of aeration as compared with the 
same tube without the disc, being } to } of its original value, 
according to the gas rate at which comparison is made (cf. 
curve 7, fig. 3). There is also relatively less difference 
between the degree of aeration at the lowest and highest gas 
rates when the disc is used. 

With the largest tube this drdp in aeration is still more 
marked; the aitaention being only », of the value without 
the ——— Below 3 c.ft. per hour, no satisfactory ex- 
planation of the upward trend of curve 1 can at present be 
suggested, but this gas rate is too low to be of practical im- 
portance. In addition to the drop in aeration brought about 
by the use of the restricted outlet, it will be noted that 
above 4 c.ft. per hour the results are the reverse of those 
indicated in Table 2.—viz., increasing the size of tube into 
which injection is taking place has decreased the aeration. 
It is clear that the size of tube in these experiments is of 
much less consequence than the outlet resistance. 

It is probable that, though the same aperture was used 
for all tests, a constant outlet resistance has not been realized 
owing to the method of utilizing the diaphragm. Thus, with 
the smallest tube we were dealing practically with discharge 
from a “ channel orifice” of the diameter of the hole in the 
disc. On the other hand, with the largest tube the ratio of 
area of hole to area of cross section of the tube was such 
(16: 1) that discharge was taking place practically as from a 
“pure orifice” in a thin plate. The medium-size tube pre- 
sents an intermediate case. It is therefore likely that this 
reversal of conclusions as regards the influence of size of 
tube is due to alteration in the discharge coefficient of the 
hole in the diaphragm, under its different conditions of use. 

There is, however, ample evidence to indicate that the 
alteration in the degree of aeration with constant outlet re- 
sistance would have been much smaller than indicated by 
Table 2, when the size of tube was changed, and, with it, 
the outlet area. 

It would have been preferable to cement the tubes into 
the side of a box, one face of which carried the diaphragm, 
in which case the final discharge would have been under 
comparable conditions throughout. This arrangement would 
also have permitted the use of a larger outlet area and a study 
of a case which is common in burner design, where the 
total outlet area is greater than that of the cross section of 
the mixing tube. 


Group 4.—LencTH oF Mixinc TuBe CHANGED. 
For this group of tests a tube was used of slightly larger 


ae: DIA. 0-686 ins 





diameter than the medium-sized tube of Set 3. A gas of 
Sp. gr. 0'485 was employed, and injection was brought about 
with the same jet as used hitherto. The gas rate was 
approximately the same for all tests, being selected so as to 
avoid that portion of the curve where degree of aeration 
changes rapidly with gas rate. After each test a portion of 
the mixing tube was cut off ; the test being repeated with the 
shortened tube. The values obtained for the 36-in. tube 
agree fairly well with those obtained in like circumstances 
in Table 1. The increase in aeration brought about by 
shortening the tube is not very marked till the length falls 
below 18 in. (see fig. 6 and Table 6), when the change 
in aeration for a small change in length becomes very 
noticeable. 
TABLE 6, 


(See also Fig. 6.) 


Tube No. 3A.—Diameter 0°686 in. Area 0°370 sa. in. Jet F, as used in 
Set. Sp. gr.of gas =0°485. Pressure3*1in. water gauge. Gas rate 
constant at 8 c.ft. per hour. Tabular number o'o8o, 








Length of Tube | air/Gas Ratio. || TLengthofTube |  air/Gas Ratio, 
56 4°6 16 609 
36 5°2 14 6°23 
30 5°4 12 6°49 
25 5°6 10 6°80 
20 5°86 8 7°30 
18 5°95 6 8°30 

















It will be noted that the degree of aeration attained in 
this simple apparatus is very high, especially with the short- 
ened tubes, being, in fact, far more than is necessary for the 
complete combustion of the gas. 

It is possible that with the shorter lengths of tube, the 
sample taken for analysis would draw off a portion of a 
“‘core”’ relatively rich in gas. The rapid increase in aeration 
reported, therefore, cannot be due to faulty sampling, as the 
error, if any, would be in the reverse direction of giving too 
low an aeration figure. 

These results can only be taken as indicating qualitatively 
the nature of the phenomena; and it is not permissible to 
assume that tests with other diameters of tubes would give 
proportionate changes in the degrees of aeration for equiva- 
lent alterations in tube length. While the phenomena will 
be of the same kind, the precise result in any given case will 
depend on the relative importance of outlet resistance, fric- 
tional resistance per inch of tube, and impact losses at entry 
to the tube where the gas and air first come into contact. 

An isolated test was carried out in which the ;5-in. dia- 
phragm was attached to a 12 in. length of tube No3a. The 
gas rate was 8°8 c.ft. per hour and sp. gr.o°67. The air-gas 
ratio was found to be 1:07 instead of 6 or 7, thus showing 
that the diaphragm cut down the aeration of the shorter tubes 
practically to the same degree as that of the 36-in. tubes, 
when they were restricted by the same disc (point marked * 
on fig. 6), and indicating in this case at least that the out- 
let resistance is more important than the tube resistance. 


Group ~5.—INFLUENCE OF D1RECTION OF INJECTION. 


In the actual working of a burner, the aeration must, for 
various reasons, be different according to whether the gas-air 
mixture flows in an upward, downward, horizontal, or inclined 
direction. While most cooker burners have their axes hori- 
zontal, there is injection in opposite directions with upright 
and certain types of inverted burners respectively. (In many 
inverted burners injection is upward, and the mixture formed 
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is deflected and conveyed to the burner outlet by a tube 
bent twice at right angles.) 

The idea sometimes receives expression that injection in 
a downward direction should be more efficient than upward 
injection because the motion of the gas and mixture streams 
is in such a direction as to be assisted by gravity, but actu- 
ally, since the mixed gas and air stream will in general be 
lighter than air, it will tend to generate an upward current 
in opposition to the injector. The same cause will augment 
the aeration with an upward injection burner. 

It is also necessary to consider the influence of the light 
column of products of combustion—light because of their 
high temperature—above the burner head, which will materi- 
ally assist the aeration of a burner, particularly when a chim- 
ney is used. Of course, this will not apply to many types of 
inverted burners fitted with globes open at the bottom, when 
the effects of convection will oppose those of injection. 

Tests as to the influence of the direction of injection upon 
aeration were made with our simple injection apparatus, 
using the medium-sized tube of Set 3. All the parts were 
securely fixed to the stand so as to maintain the same rela- 
tive position when the apparatus as a whole was placed in 
different positions. Tests were made first with the inject- 
ing jet at the top, and secondly with the whole apparatus 
inverted ; the jet being at the bottom and injecting upwards. 
In order to eliminate thermal effects, the gas issuing from 
the end of the tube was not lighted. 

The results are indicated in Table 7. Comparison is made 


* with the well-established curve of Set 3 for horizontal injec- 


tion with gas of the same specific gravity, using the same jet 
and tube. 
TABLE 7. 
Tube No. 3.—36 in, long. 0°628 in, dia. = 0°3097 Sq. im. area of 
cross section. Jet F used. 
Gas used—coal gas. Sp.gr. 0°48. Calorific value 518 B.Th.U. (gross) per c.ft. 











Uncorrected ? 
Gas Rate Tabular i7te Exegoere Air-Gas Specific, 
C.Ft. Number. nches Water Ratio. Gravity 0 

Hour. Gauge. Mixture. 





Set 3.—Horizontal Injection—see Curve (1) Fig. 7. 





2°0 0° 966 0°26 2°30 
4°0 0*968 0°87 3°46 
6'0 0967 1°79 4°09 ‘ 
8'o 0°968 3°06 4°46 
10'0 0°965 4°66 4°67 





Set 12.—Upward Injection—see Curve (z) Fig. 7. 


























2°0 0°984 0°26 4°25 "goo 
4°0 0°984 0°87 4°45 0°905 
60 0°983 1°79 4°66 0'907 
8'o 0°985 3°06 4°77 o*gI0 
10°o 0'985 4°66 4°80 o‘9gI0 
Set 13.—Downward Injection—see Curve (3) Fig. 7. 

4°5 0°993 1°06 Nil ? 

5°0 0°993 1°29 2°60 0'855 
6'0 0°993 1°79 3°56 0 885 
80 0°995 3°06 4°53 0*goI 
10°o 0°997 4°66 4°53 0°905 





It will be noted that the degree of aeration attained in 
the tests with upward injection is greater, and with down- 
watd injection less, than with the horizontal tube. 

We are considering the combined influence of simple 
injection (as occurs with the horizontal tube) and of a con- 
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vective effect which may either assist or hinder aeration, 

according to circumstances. In the early stages—i.c., at 

low gas rates—the convective effect predominates; while as 
the energy of the gas stream increases, the convective effect 
becomes relatively less important, and at the higher gas 
rates the three curves in fig. 7 approximate to a common 
value for the air-gas ratio independently of the direction of 
injection. There was no special difficulty in tracing curve 3, 
fig. 7 (downward injection) down to 5 c.ft. per hour. Below 
this gas rate, however, it was extremely difficult to cause the 
mixture to travel down the tube at all, because the upward 
pressure of the mixture practically neutralized the pressure 
exerted by the jet. Very trifling alterations would start or 
stop thetravel of the mixture. A rough idea of the pressure 
exerted by the jet can be formed from the figures for 
downward injection. Thus the specific gravity of the mixture 
in the tube at 4°5 c.ft. per hour is about 0°85. The upward 
thrust will therefore be equivalent to about o’006 in. 
water gauge, this being balanced by the pressure of the 
jet. The pressure exerted by the jet was very small and 
at times insufficient to discharge the mixture which had 
accumulated in the tube against the up-cast effect which 
was produced. In these circumstances, not only did the 
apparatus fail to draw in air, but the gas itself would not 
travel down the mixing tube. 

It must be pointed out that in both our upward and 
downward injection tests, conditions are somewhat exagger- 
ated, for thé mixing tube was 36 in. long. Presumably 
the assistance or hindrance afforded by a given gas mixture 
in this way will increase with the length of the mixing tube. 
The problem of direction of injection is one which concerns 
lighting burners mainly; and here the length of the mixing 
tube rarely exceeds a few inches, so that convective effects 
due to the specific gravity of the air-gas mixture in the 
mixing tube will be very small. 

On the whole, these tests point to almost negligible differ- 
ences between upward, downward, and horizontal injection 
in ordinary cases. 

When, however, burners are lighted, the force exerted 
by convection currents due to thermal differences may 
become of as much importance as that exerted by the 
injector, so far as drawing in primary air is concerned. 
Convective effects obviously constitute the principal factor 
in the supply of secondary air and the removal of products 
of combustion. These are points the importance of which 
is realized and which will be investigated at a later stage. 


Group 6.—CHANGE IN S1zE oF Gas NIPPLE. 


As already indicated, it is often desired to maintain an 
existing thermal delivery without altering working pres- 
sures when gas quality is changed (usually in the direction 
of a lower calorific value). If the reduction is brought 
about in certain well-known ways, it is possible to alter the 
calorific value without affecting the specific gravity of the 
gas to any marked extent. Any change in specific gravity 
of the gas accompanying the change in calorific value is a 
factor requiring separate consideration. 

A series of determinations made with one grade of gas 
injecting into the same tube with different sizes of gas 
nipples should, therefore, yield information which is of 
service in this connection. The approximate change in 
size of nipple required is easily ascertained. For example, 
few undertakings contemplate a drop in calorific value in 
one step greater than 1oo B.Th.U., necessitating for an 
existing thermal deliveryapproximately 20 to 25 p.ct. increase 
in gas delivery, or, if existing pressures at the appliances 
can be maintained, a 20 to 25 p.ct. increase in the outlet area 
of the gas nipple. It is assumed that a new nipple of 
suitable size will be used, or that the old one will be 
enlarged in a rational manner. 

It has been a matter of no little difficulty in the present 
investigation to secure nipples of different sizes with con- 
stant or even similar discharge coefficients. With nipples 
which appears to be satisfactory on inspection, it is quite 
common to find that discharges at equal pressures are not 
proportional to the outlet areas of the nipples, the differences 
often amounting to 5 p.ct. As regards thermal delivery this 
is perhaps not serious; but if air injection is proportional to 
some such power as square or cube of the discharge co- 
efficient, it will be appreciated that a 5 p.ct. variation would 
cause a larger and more serious variation in the degree of 
aeration. It is not sufficient then merely to enlarge nipples 
to pass the necessary volume; but they must be enlarged 





and still have such a form as to retain their injector effi- 
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ciency, if data obtained from experiments are to be usefully 
applied to the problem. On account of rapid and uncertain 
variations in their discharge coefficients, variable nipples 
actuated by a centre-pin, or those of the split-collet type, 
are not suitable for use in research work on air injection. 
Experiments with well-finished specimens of these useful 
types of regulators, however, making comparisons with fixed 
orifices of equal capacity, would form part of any complete 
investigation. 

For the purposes of our tests the medium-sized tube, 
No. 3 of previous tests, was used. Glass jets were drawn 
out of the form shown in the inset on fig. 8; and the size of 
each jet was carefully adjusted by grinding the end of the 
tube with fine emery on a flat surface until an orifice was 
exposed which gave a suitable discharge. Tests were made 
at various gas rates and pressures; and the results are indi- 
cated in Table 8 and by the corresponding diagram, fig. 8. 








TaBLe 8, 
Tube used.—No. 3. 36 in. long, 0°6280 in. dia. = 0°3097 sy. in. area of cross 
section, 

Gas used.—Coal gas. Sp. gr. 0°48. 

Jets Used. Dia. Inches. ag Sa taokee. Relative Areas. 
B. O' 1291 30 0°01307 100 
Cc. 0° 1075 36 0*00907 7o 
D . 0'0890 43 0°00622 48 
E. . 0°0756 48 000449 34 
F. 0°0559 54 0°00245 18 
G. 0'0413 59 0°00134 10 
). 0°0366 63 0° 00105 8 

















Jet Pressure. 
Test No. Inches 
Water Gauge. 


Gas Rate. 


C.Ft. per Hour, Air-Gas Ratio. 








Set 1.—Jet B. See also Curve B, Fig. 8. 


























130 o'18 10°00 | ‘ir 
131 0°70 22°90 | 1°54 
| 
Set 2.—Jet C. See also Curve C, Fig. 8. 
137 0°13 5°95 105 
136 o°3I 10°07 1°66 
135 0°67 15°19 I*92 
134 2°25 29°06 2°19 
Set 3.—Jet D. See also Curve D, Fig. 8. 
141 o'r2 3°93 1°36 
140 0°37 7°82 1°90 
139 0°99 12°89 2°47 
138 3°06 23°37 2°77 
Set 4.—Jet E. See also Curve E, Fig. 8. 
145 o'15 2°98 1°28 
144 0°37 5°3! 2°30 
143 I'02 9°34 2°88 
142 3°62 18'21 3 35 





Set 5.—Jet F. See also Curve F, Fig 8 (taken from Table 1, Set 3). 




















— 2°00 2°29 
_ 0°87 4°00 3°46 
_ 1°79 6°00 4 10 
— 3°06 8°00 4°47 
= 4°66 10°00 4°67 

Set 6.—Jet G. See also Curve G, Fig. 8. 

149 | 0°49 1°74 3°36 
148 1°15 2°77 4°35 
147 2°18 | 3°98 5°15 
146 | 6°54 | 6°97 5°89 

Set 7.—Jet H. See also Curve H, Fig. 8. 
: — a: Ser 

132 | I‘or | 1‘'99 4°64 
133 | 6°71 | 5°61 7 13 


If fig. 8 is examined, it will be noted that the curves are 
very similar in character to those of fig. 3, and that curves 
B to E inclusive show that the degrees of aeration have 
nearly reached their steady values. G and H would have 
to be carried to higher pressures and gas rates before a 





similar state of affairs was realized, but a tendency in the 








AIR-GAS RATIO. 
fo 


GAS RATE-ceFr PER Hour. 


Fig. 8. 


same direction is visible. If comparisons are made at equal 
gas rates, it is very evident that the smaller the nipple the 
greater is the degree of aeration. There is, however, no 
relation of general application, that can be stated in a simple 
manner on the basis of these results, between the jet area or 
diameter and the degree of aeration at a specified gas rate. 

Though the difference in aeration is undoubtedly due to 
the difference in the pressure which is used to send gas at 
equal rates (measured in c. ft. per hour) through the jets of 
different sizes, the connection is not necessarily a simple 
one, for it will be recalled that in the earlier tests where 
one size of nipple only was used, no appreciable increase 
in the degree of aeration was obtained after a certain point 
was reached, notwithstanding the fact that both gas pres- 
sure and gas rate were considerably augmented. 

The most important case in practice is that in which the 
gas pressure remains constant and no alteration is made to 
the appliance itself, but the jet area is adjusted to obtain a 
suitable gas rate, the latter being governed by considerations 
of the previous performance of the appliance and alterations 
in the calorific value of the gas. It has been shown above 
that the alteration in delivery required will rarely exceed 
20 to 25 p.ct. By way of illustration, the results obtained 
with jets ©, D, and E may be considered at pressures of 1, 
14, and 2 in. water gauge. The relative quantities of gas 
delivered by the three jets at each pressure are roughly 
in the ratio of 70: 100: 140,.which considerably exceeds a 
variation of + 25 p.ct. Experiments are in progress with 


intermediate sizes of jets. The results are summarized in 
Table 9. 








TABLE 9. 
Jerc, Jet D. Jer E. 
Pres- 
— | G 
nches| Gas Gas as 
Water | Rate Air/ C.Ft. Rate Air/ C.Ft. Rate | Air/ C.Ft. 























Air Air Air 

Gauge.| C.Ft. | Gas C.Ft. | Gas | C.Ft. | Gas 
per | Ratio. | ,Per per | Ratio. | ,,Pe per | Ratio.| ,P& 
ane Hour. Hour, | Hour PRY Hour. 
I'o 18°2 2°O1 36°6 13°0 | 2°46 | 32°0 9°3 | 2°86 | 26°6 
I°5 22°7 | 2°12 "| 48°1 16‘! 2°60 | 41°9 II'5 | 3°10 | 35°6 
2°0 | 26°5 | 2°15 57'° 18°5 2°67 | 49°4 13°4 | 3°20 | 42°9 














(In the above table the quantity of air drawn in is roughly proportional to 
the diameter of the jet ; but this is an accidental result peculiar to one piece 
of apparatus, and the relation does not hold true in experiments which we 
have made with different sizes of tubes and with burners.) 

If the same pressures are used for all three jets, and they 
are of such form that their discharge coefficients are alike, 
the gas will issue with the same linear velocity from each 
nipple. According to some expressed opinions, this should 
result in equal degrees of aeration. Clearly this is contrary 
to the experimental data shown above. 

Here again, there is no simple relation between the jet 
area and either the absolute quantity of air drawn in or the 
degree of aeration. As the size of nipple is increased, the 
absolute quantity of air drawn in also increases, but the 
degree of aeration, as measured by the air-gas ratio, falls 
appreciably. 
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Aeration can also be expressed as a percentage of the 
air theoretically necessary for the complete combustion of 
the gas. If we regard the gas used with jet Dasa 500 
B.Th.U. gas, then that used with jet C for equal thermal 
delivery would be 356 B.Th.U. gas of the same specific 
gravity. The richer gas would require about 5°1 c.ft. of 
air per c.ft. of gas for complete combustion, and therefore 
at 2 in. water gauge in this apparatus would be taking-in 
52°5 p.ct. of its air as primary air. The poorer gas would 
require about 3°2 c.ft. of air per c.ft. of gas, and would 
therefore be taking-in 67°3 p.ct. of its air as primary air. 

This is because the air requirement per c.ft. of gas has 
fallen at a greater rate than the air-gas ratio. There is 
reason for believing that this will (qualitatively) represent 
the condition of affairs in many cases where gas quality 
is reduced, 

Although increased aeration, measured as a percentage 
of the theoretical, is here indicated with gases of lower 
calorific value, it does not follow that such mixtures will 
be consumable in the same burners. The rate of flame 
propagation with the gas of lower calorific value may be 
such that the burner will back-fire, so that it is necessary 
to use an air-shutter or its equivalent, or open out the 
jet still further so as to obtain a mixture yielding stable 
flames. In short, it may not be possible, without altering 
the burner, to take advantage of the greater proportion of 
theoretical air requirement which may be attainable with 
the lower grade of gas. 

This is well illustrated by the results obtained by the 
American Bureau of Standards, and referred to in a later 
section of this report. 


BURNER TESTS. 


A number of tests were made in order to determine 
whether the conditions of air injection in actual burners 
would yield results at all comparable with those already 
obtained with our simple apparatus. 

Two cooker burners were selected for preliminary trials 
(see fig. 9). The first is the burner designated “ No. 2 
burner ” in the First and Second Reports of the Gas Investi- 
gation Committee. It is characterized by a very short 
mixing tube and by extreme simplicity in design. A com- 
panion burner to this was cut into sections, and it was 
found that the mixing tube was parallel throughout, and 
that the thickness of the metal at the drillings was } in., 
or nearl 
i.¢., the final efflux of the air-gas mixture is through “ chan- 
nel” orifices. 

The other burner, No. 3, has a head which is similar in 
design, but rather smaller than No. 2; the burner is drilled 
with holes of the same size, but they are fewer in number 





twice the diameter of the drillings themselves— | 


and much closer together ; on account of the position of the 
burner when fitted to the cooker from which it was taken, 
the mixing tube is much longer, and terminates in a right- 
angle bend immediately before the burner head. In some 
of the tests a number of the drillings in burner No. 2 were 
stopped up, in order to make it comparable with No. 3 as 
regards outlet resistance. 

In certain efficiency tests, burner No. 2 had given trouble 
with excessive aeration. (See Second Report of Gas Inves- 
tigation Committee.) With No. 3 it was frequently diffi- 
cult to obtain well-defined inner cones to the flames. While 
this gives interest to comparative aeration measurements 
with these two burners, there is no reason to believe that 
they represent extreme specimens of excessive and im- 
perfect aeration types respectively. 

For injecting air, the glass jets of previous tests were used ; 
the burner casting replacing the horizontal tubes of our ap- 
paratus, while no air shutters or other air-regulating devices 
were employed. The tip of the jet was flush with the end 
of the burner casting. Sampling of the air-gas mixture was 
effected by means of a tube pushed through one of the 
drillings, as shown in fig. 9. It was found preferable at a 
later stage to insert the sampling tube through a hole in 
the bottom of the burner, or to place it within the mixing 
tube, as shown by the dotted lines in fig. 9. 

It is important to note that at this stage of the investiga- 
tion the determinations of the degree of aeration were made 
with the burners unlighted. It was particularly desirable 
to isolate if possible the effects of changing specific gravity 
and pressure upon aeration. When the burner is lighted, 


| these are to some extent masked by thermal effects, 


—+.g., the mixture approaching the burner head becomes 
warm and expands; its specific gravity falls, but there is 
a larger volume to be discharged at the burner outlets; the 
rate of flame propagation may be sufficiently altered by the 
increase of temperature to influence the permissible degree 
of aeration; there will be more or less marked convection 
effects due to the hot products of combustion above the 
burner ; and all these effects will be influenced to some ex- 
tent by the B.Th.U. rate at which the burner is worked. 
In working, then, with an unlighted burner the condition ; 
of operation are somewhat artificial, but intentionally so, 
since it is desired to study first the injection of air apart 
from these disturbing influences. In consequence, it does 
not follow that all the mixtures formed by the jets would be 
usable in these burners; and some of them were certainly 
too highly aerated. Gas and air volumes are given as de- 
livered to the burner, and not reduced to 60° Fahr. and 30 in. 
barometer: - For the No.2 burner a thermal rate of 10,000 
B.Th.U. per hour, equivalent to 20 c.ft. of 500 B.Th.U. gas, 
seems a Satisfactory rate of working as regards thermal 
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efficiency obtainable. (See First Report of the Gas Investi- 
gation Committee.) 
The results are collected in Table 1o. 


TABLE I0. 
Analysts of Gas Used. 
CO, 2°6 
CmHn 1°4 Calorific value 475 B.Th.U. (gross) per c.ft. 
Og . 1°8 
co 7'°8 Sp.gr. 0°51. 
Hg . 40°6 
CH, 28°1 Theor. air requirement = 4°33 c.ft. per c.ft. gas. 
Ng. 17°7 





Set No. 1.—See also Curve No. 1, Fig. 10. 


Burner No, 2—2g drillings, No. 28 Morse. Orifices = 01405 in. dia. 
= 0'01550 Sq. in. each. Total area of drillings, 0°450 sq. in. 
Jet D used. Dia. = o’0890 in., 0'00622 sq. in. area. No. 43 Morse drill. 











| 
Uncorrected Gas Gas Pressure. 
ate Tabular Number. Inches Air-Gas Ratio. 
C.Ft. per Hour, | Water Gauge. 
10 0 0'988 © 65 3 50 
150 0° 986 1°34 3°74 
200 0'985 2°39 3°76 
25°0 o'981 3°21 3°77 
30 © 0°979 5°30 | 3°77 








Set No. 2.—See also Curve No. 2, Fig. to. 


Burner No. 3—29 drillings, No. 28 Morse. Orifices = 0°1405 in. dia., 
0’01550 sq. in. each. Total area of drillings = 0'450 sq. in. 








Jet D used. Dia. = 0’0890, 0'00622 sq. in. area. No. 43 Morse drill. 
10°O 0°957 0°65 2°35 
15'0 0°958 1°34 2 56 
20°0 0° 960 2°39 2 64 
25°0 | 0‘960 3 21 | 2°65 


Set No. 3.—See also Curve No. 3, Fig. 10. 

Burner No. 2—z29 drillings, No. 28 Morse. 
sq. in. 

Jet B used. 


Total outlet area = 0'450 


Dia. = 0'1291 in., 0°01307 sq. in., No. 30 Morse drill (full). 





10'O 0'995 o'16 1°85 
15'0 0°993 0°31 2°00 
20 0 o*ggI 0°56 2°o1 
25°0 0*990 0°88 2°02 





Set No. 4.—See also Curve No. 4, Fig. to. 


Burner No. 3—29 drillings, No. 28 Morse. Total outlet area = 0'450 





sq. in. 

Jet Bused. Dia. = 0'1291 in., 0°01307 sq. in., No. 30 Morse drill (full). 
10°06 0'966 o'16 I'21 
150 0'966 o'31 1°49 
20°0 0'969 0°56 I°51 
250 0'969 0°88 1°53 





It will be noted that the gas rates in these tests are con- 
siderably higher than in the earlier tube experiments. They 
are, however, reasonable for the size of burners used. It is 
interesting to note that with these burners the air-gas 
ratio remained practically constant over the range of con- 
sumption which would ordinarily be employed with them, 
—viz., 15 to 25 c.ft. per hour, but is apparently falling at gas 
rates below 15 c.ft. per hour, yielding curves similar to those 
of fig. 3. These lower gas rates were not considered of 
sufficient importance to cal! for further investigation. 

There was a very considerable difference in the degree of 
aeration with the two burners, notwithstanding the fact 
that their outlet resistances were alike, that the same gas 
jet was used, and that gas rate, pressure, and specific 
gravity were the same for the two sets of tests. (Sets 1 and 
2, or curves 1 and 2, fig. 10.) Thus at 20 c.ft. per hour, the 
degrees of aeration were in the ratio 1°42: 1, or the first 
burner was taking in about 40 p.ct. more air than the 
second for the same gas rate. This relative aeration was not 
greatly altered by the substitution of a larger gas jet, since 
with jet B at 20 c.ft. per hour the ratio was 1°36:1. (See 
curves 3 and 4, fig. 10.) 

An attempt was made to light the two burners when work- 
ing at 20 c.ft. per hour with this grade of gas. It is probable 
that the air-gas ratio would be disturbed slightly as soon as 
the burner became hot, so that the air-gas ratios given in 
the table and measured with the burner cold represent only 
approximately the ratios corresponding to our descriptions 
of the flame characteristics. 






o 
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Fig. 10. 


marked stumpy inner cones; but they were unstable and 
would flash-back with the slightest alteration in working 
conditions. According to Table io, the gas was taking 
about 87 p.ct. of its theoretical air requirement as primary 
air. Burner No. 3 was rather noisy, but the flames were 
stable with well-marked inner cones about 4 in. in length. 
The flames were rather long (3 to 5 in.), but this is due in 
part to the fact that the drillings were closer together than 
those of burner No. 2, so that the access of secondary air, 
for which there is greater demand in this case, was some- 
what hindered. The burner was taking about 60 p.ct. of 
its theoretical air requirement as primary air. It would 
seem that 20 c.ft. per hour for gas of this quality is rather 
too much for burner No. 3 for satisfactory operation, though 
suitable for burner No. 2. 

Further experimental work is necessary before it will be 
possible to say what proportion of the decreased aeration 
with burner No. 3 is due to the greater length of its mixing 
tube, to the right-angled bend immediately before the head, 
or to difference of internal finish in the burner castings 
respectively. Neither burner had a venturi mixing tube. 

Jet D used for Sets 1 and 2 is slightly smaller than 
would in practice be used for these burners with 500 
B.Th.U. gas. 

Jet B used for Sets 3 and 4 is suitable for delivering 
10,000 B.Th.U. per hour with 300 to 350 B.Th.U. gas, ata 
pressure of about 1°5 in. water gauge, and is rather on 
the large side for ordinary use. 

As with the tube experiments recorded in the previous 
section, there is no simple relation between the relative 
sizes of the jets and the degrees of aeration. 

At the time of drafting this report, data were not avail- 
able as to the use of these two jets and burners with gas 
of a different specific gravity. 


EFFEecT oF CHANGING THE OUTLET RESISTANCE OF A 
Burner. 


The outlet resistance of a burner may be altered in a 
number of ways; and in certain types of burner this provides 
a useful means of control, the aeration being regulated by 
raising or lowering a conical valve, the gap between the 
edge of the valve and body casting forming the outlet. In 
the drilled (or saw-cut) type of burner the resistance may 
be altered intentionally by altering the number and size of 
drillings, or accidentally by corrosion, or any other means 
causing partial stoppage of the outlets. 

Our simple tube experiments showed that outlet resist- 
ance was an important factor in determining aeration. 

Experiments were accordingly carried out with burner 
No. 2; the increased outlet resistance being obtained by 
stopping-up a number of the drillings, thus arranging the 
stoppings as symmetrically as possible. 

A gas rate of approximately 20 c.ft. per hour was used, 
and slight deviation from the 20 c.ft. rate was quite unim- 
portant in so far as its effect upon the air-gas ratio was 
concerned. 

The burner was not lighted during the injection tests, but 
only while observing flame characteristics. The lighting 
of the burner for the purpose of observing the flame charac- 
teristics will, of course, bring about some difference in the 
conditions of aeration, as pointed out in the previous section ; 
but it is believed that in this set of experiments the difference 
will be of no importance except when near the point of 





Burner No. 2 gave short and noisy flames, with well- 
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TABLE II. 


Burner used.—No. 2. See fig. 9. 

Gas used.—As for Table 1o., sp. gr. 0°51. 

Fet used.—Jet D, o'o8go in. dia., o°00622 sq. in. area, No. 43 Morse drill. 
Gas vate.—2o0 c.ft. per hour + o'1 c.ft. Pressure 2°33 in. water gauge. 
Drillings.—No. 28 Morse, 0°1405 in. dia., 0°01550 sq. in. area, 


(See also Fig. 11.) 





} | 














Number of | Outlet Area Air-G | P.Ct. 
Test No. Drillings | in Rating» —_| Theoretical Air 
Open. Sq. In. 55 i | Requirement. 
| i 

I 34 | 0°527 4°122 | 95 

2 29 | 0° 450 3°81 | 87 

3 27 0° 418 3°63 84 

4 20 0°310 3°08 71 

5 13 | 0° 202 2°25 52 

6 | 6 | 0093 0*80 18 

REMARKS. 

(t) Would just burn on half of burner farthest from inlet. Nearer 


jets back-fired violently. 

(2) Just possible to keep all jets alight, but flames noisy and 
unsteady. 

(3) Noisy flames 1} in. high, with well-marked inner cones 4 in. high. 
Quite stable. 

(4) Slight noise. Flames 2} in. high. Inner cones 1} in. high 
and well marked. Previously described as moderately well 
aerated. 

(5) Silent flames 64 in. long. Poorly defined inner cones 4% in. high 
with slightly luminous tips. 

(6) Long luminous flames. 


Measurements were not made with less than six holes, but 


. with four holes it was noted that the flames were very lumi- 


nous, and the whole of the gas would not pass through the 

burner casting, a certain amount escaping at the outlet. 
The clearest idea of the drop in aeration with reduction of 

outlet area is obtained from fig. 11; the aeration falling 


| 4 EFFECT OF ALTERING i 
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from 4°12 volumes of air per volume of gas with 34 burner 
outlets, down to 0°8 volume of air per volume of gas with 
6 outlets. 

From the remarks appended to Table 11, it will be seen 
that although with less than 2} in. water pressure it is 
possible to inject 95 p.ct. of the air required for the com- 
bustion of the gas used, nevertheless the mixture formed 
could not be utilized in this burner. In practice, the aera- 
tion would be cut down by an air shutter, or other device, 
so as to produce a usable mixture; the richest that could be 
used in this case containing something under 60 p.ct. of the 
air theoretically required. (It is not correct to take the 
71 p.ct. mixture with 20 holes as the richest usable, for if 
a similar mixture with the same gas rate were used with 
the 34 hole burner (j.¢., as supplied) the velocity at the outlet 
would be too low to prevent back-firing.) 

These experiments serve to illustrate the point that a 
deficiency in primary air is not always due to the inability 
of the injector to draw in a sufficient quantity of air, but to 
the unsuitability of the mixture formed, for steady combus- 
tion in the burner. 


THE WORK OF OTHERS. 


This section is devoted to a brief survey of work carried- 
out by other investigators, and of the results obtained. 

Available information as to air injection is very meagre. 
In the first place there are the older data as to air-gas 
ratios for simple types of bunsen burners, mainly confined 
to experiments with rich coal gas. In these, flame charac- 


teristics were observed when both gas and air were metered 
to the burner in various proportions; and there is room 
for extension of these’ experiments to cover the greater 
variety of gas mixtures in use to-day. Attempts have been 
made by various workers, notably St. Claire Deville (1903),* 
Forshaw (1909),t and Mayer (1910),f to establish the 
relations between the efficiency obtainable with various 
grades of gas, and the degree of aeration with which they 
were used. This, however, is another branch of the general 
inquiry ; and in such experiments the air for combustion was 
commonly mixed beforehand with the gas, or metered sepa- 
rately under slight pressure to the burner. The results, 
therefore, have no bearing upon air-injection through the 
medium of the gas stream issuing from a gas nipple. Mans- 
field (“* JoURNAL,” 1909, p. 102) has described an elaborate 
apparatus for determining the air-gas ratios for upright in- 
candescent burners, but did not publish any results obtained 
with the apparatus, nor has it been possible to trace any 
results published by him at a later date. In slightly modi- 
fied form, however, the same apparatus has been used by 
the American Bureau of Standards. 

Hitherto it has been considered sufficient to deal with 
air injection, as distinguished from aeration, by purely theo- 
retical treatment. This may be due in part to the assumed 
simplicity of the problem, and to the, measure of success 
which has attended similarcalculation as to the performance 
of steam and water injectors. 

Different writers are not in agreement upon the theory of 
air injection; and considerable divergence of opinion was 
shown in the evidence which was tendered during the Inerts 
Inquiry of the Board of Trade in 1921. If the various 
theoretical treatments of the subject are rigorously followed, 
they lead to very different conclusions as to the probable 
effects upon aeration and burner operation in general, when 
calorific value, specific gravity, and percentage of inert con- 
stituents in gas mixtures are subjected to alteration, so that 
it is of the utmost importance that the question should be 
settled by reference to direct experiment. 

E. W. Smith and C,.M. Walter, in a paper upon 
‘*Gaseous Heating ” (Trans. Inst. Gas. Eng. 1913, p. 232), 
deal with air injection in some detail. 

The controlling factors are stated as follows: 


(1) The amount of air injected will depend upon the mass 
rate of discharge of the gas through the jet, since, 
as will be seen later, we depend entirely upon the 
momentum of the issuing stream of gas for impart- 
ing the requisite velocity to the surrounding air. 

(2) The area of the surface of the gas stream in contact 
with the air should be as large as possible, consistent 
with clear injection—namely, that obtained without 
interference due to eddies brought about by unsatis- 
factory design of jets. 

(3) The entrance to the vena contvacta should be de- 
signed so as to impede, in as small a degree as pos- 
sible, the passage of the mixture through it; this 
being brought about by suitable shaping. 


As high-pressure gas was under consideration, special 
calculations were made to deduce the velocity of the issuing 
gas stream ; and the momentum of the air-gas mixture was 
equated to the momentum of the gas jet, in order to indicate 
the maximum possible injection. 

Having given certain values, Smith and Walter remark: : 
“ In practice, the figure obtained is very much lower, owing, 
in the first place, to the fact that the friction effect between 
the stream of gas and the surrounding air is not sufficient 
to obtain perfect intermingling ; and, secondly, owing to the 
pressure in the throat of the injector not being atmospheric 
as is supposed.” 

Some actual figures for air injection into burners are 
given (loc. cit., p. 237); but they differ so greatly from those 
calculated that it is impossible to avoid the conclusion that 
equating the momenta of gas and mixture streams is quite 
unjustifiable and gives very misleading results. 

Dr. Rudolf Lessing discusses air injection in part of an 
article on “‘ The Town Gas of the Future ” (“ Gas JourNaL,” 
Vol. CXLVIL., p. 489), and remarks : 


If the orifice of the gas injector tube, the length and 
diameter of burner tube, size and distribution of air 
ports, pressure and velocity of gas remain constant, 
then the ratio of air aspirated by injector action to unit 





* “7,G.L.,"’ Vol. 83, p. 499, 1903. t ‘‘J.G.L.,’’ Vol. 106, p. 865, 1909. 





{ ‘*J. fiir Gasbeleuchtung,"’ Vol. 53, p. 953, tg10. 
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volume of gas follows well-known mathematical laws, 
and may be expressed by 


a where d = density of air 
y= ka/@ a4, = * gas 
. k = aconstant 


No experimental data are adduced to support the formula, 
which is not consistent with the results given in the present 
report. 

A paper given anonymously before the Yorkshire Junior 
Gas Association in 1914 contains injector calculations, 
showing the steps in detail, and aimed at indicating the 
margin for improvement in injector designs in the cases 
considered. Here again, the treatment adopted would lead 
to results very different from those actually attained in our 
own tests. 

The German gas industry has been affected by war con- 
ditions ; and investigations into the potentialities of gases of 
medium and low calorific values have been carried-out. 
Terres and Straube* have made measurements with coal 
gas and various mixtures of coal gas with water gas, lignite 
gas, producer gas, flue gas, and air; each diluent being used 
to the extent of 10, 20, 30, and 40 p.ct. of the mixture in turn 
(except in the case of air). Aeration and air injection re- 
ceived considerable attention during these tests. 

An abstract of the very lengthy original appeared in the 
“ Gas JourRNAL,” July 27, 1921, p. 221; but the conditions of 
testing, which have a most important influence upon the 
interpretation and application of the results, are not indicated 
in the abstract. All mixtures were tested in upright and in- 
verted burners at a fixed vate—viz., 4°9 c.ft. per hour for the 
upright burners, and 4'1 c.ft. per hour forthe inverted burner; 
pressures of 30, 40, 50,and 60 mm, water column being used 
in turn with each mixture, The gas rate was kept constant, 
despite variations in working pressure and specific gravity 
of the gas, by adjustment of the nipple orifices. Measure- 
ments of illuminating power and the degree of primary aera- 
tion were made in each case. Terres and Straube obtained 
very considerable difference in illuminating power from the 
different gases they employed, the illuminating power falling 
with increasing percentage of diluent; and they attribute 
certain of their lower results to the fact that the “ flame 
volume” of the poorer mixtures was too small to be utilized 
effectively with standard mantles. Differences between 
carbon dioxide and nitrogen were noted, the former being 
found the more harmful as a diluent. 

The results obtained by Terres and Straube are not, 
however, in a form which permits comparison with those 
reported by the Gas Investigation Committee, and in our 
opinion display differences between the various mixtures 
much greater than would have resulted from tests carried 
out on a basis more comparable with practice. Had the 
gases been used at a constant thermal rate instead of a con- 
‘stant volume rate, the great disparity in flame volumes 
would have been reduced, and the results presumably would 
have assumed an entirely different perspective. Diderences 
in the method of regulation employed by these investigators 
make it impossible to institute the comparisons they have 
made between the performance of upright and inverted 
incandescent burners. 

Theit aeration measurements indicate that (for the condi- 
tions of testing) a high degree of aeration may be less satis- 
factory than a medium one. When Terres and Straube’s 
results are all collected together there is, for every mixture, 
an increase in primary aeration as the pressure is increased 
from 30 to 60 mm. water column ; but the increase is much 
less than one would have anticipated, being only some 5 to 

10 p.ct. This may correspond with the horizontal portion 
of such curves as those shown in fig. 4. 

The influence of the specific gravity upon aeration is not 
determinable from their results; for each set of mixtures 
the amount of primary air drawn in decreases with increasing 
percentage of diluent—+.e., with increasing specific gravity 
of mixture. But on comparing one set with another, gases 
of identical specific gravity in some cases yield very different 
air-gas ratios, and in other cases the higher specific gravity 
goes with increased aeration. When it is remembered that 
the quantities of heat generated per hour for the mixtures 
containing 40 p.ct. of diluent are much less than for the 
original coal gas or the ro p.ct. mixtures, one might expect 
differences in the pull exerted by the burner chimney. 

It is remarkable that this thermal effect upon primary 


* Das Gas und Wasserfach," No. 27, pp. 309-314, No. 21, Pp. 329-336, 
No. 22, pp. 348-354, No. 27, pp. 440-446. May to July, rgar. 








not apply to the results obtained in our tube experiments, 


aeration is so great as to reverse that which might have 
been expected from an increase in the specific gravity of 
the gas. These results once more illustrate the futility of 
attempting to calculate the amount of air taken in by a 
burner, from consideration of a limited number of factors. 

Owing to the rapidly dwindling supplies of natural gas in 
America, propaganda campaigns have been instituted there, 
having for their object the education of the user as to the 
most efficient methods of using natural gas. In this work 
the technical staff of the Bureau of Standards have co- 
operated ; and several excellent papers have appeared in 
which the influence of aeration upon efficiency in use receives 
considerable attention. One of these is Technologic Paper 
No. 193, “ The Design of Atmospheric Gas-Burners” (1921), 
a summary of which appeared inthe “Gas Journa,” CLIIL,, 
p. 750 (1921), and the other, “ How Natural Gas Burners 
can be Improved,” a paper by I. V. Brumbaugh and G. B. 
Shawn, of the Bureau of Standards, read before the Seventh 
Annual Meeting of the Natural Gas Association of America, 
in May, 1921. The latter paper deals more particularly with 
domestic cooker hotplate burners, while in Paper No. 
193 a general treatment of burner design is attempted. 
Most of the aeration determinations were made by a modi- 
fied form of the apparatus suggested by Mansfield. The 
most striking feature of the paper is the smallness of the 
pressure necessary in properly-designed burners for inject- 
ing some eight volumes of air per volume of gas—far more 
than is required for any typical English gas. At the same 
time, it must be pointed out that this is due in some 
measure to the large burner ports (#.¢., burner outlets) which 
are usable, on account of the relatively low rate of flame 
propagation in the air-natural-gas mixtures, and the small 
gas rate necessary for an ordinary thermal delivery on 
account of the high calorific value of the gas (1080 B.Th.U. 
gross). Caution is therefore necessary in applying. some of 
the Bureau’s design suggestions to burners for the English 
market. 

We have made our own experimental data and also 
those of the American Bureau of Standards and of Terres 
and Straube, the basis of certain calculations. The same 
conclusions are reached in all cases—viz., that it is not pos- 
sible to deduce the degree of aeration of a burner even 
approximately by equating the momentum of the injecting 
gas stream issuing from the gas nipple, to the momentum 
of the mixture passing down the burner tube, or out through 
the orifices in the burner head. Equating the kinetic energy 
of the gas and mixture streams is equally unsatisfactory. 

The American Bureau of Standards, however, has made 
a considerable step forward. Working on conventional 
lines, expressions are developed for the momentum of the 
injecting gas stream and that of the air-gas mixture, 
respectively. It is then suggested as a basis for burner 
design that, so long as the mechanical condition ofa burner 
is unaltered, there is a constant ratio (as distinct from 
equality) between the momentum of the injecting gas stream 
and that of the air-gas mixture. 

The actual formula developed is : 


1658°5 xA/ Had 
~ O07 +4) 0 +1) 


where R = ratio of momentum of 
gas stream to mo- 
mentum of mixture. 
X = cross-sectional area 
of burner tube in 
sq. in. 





H = gas pressure, inches 
water gauge. 

d = specificgravity of gas. 
(Air = 1.) 

Q = gas rate in c.ft. per 
hour. 


vy = air-gas ratio. 

R is determined by experiment for one set of operating 
conditions and is stated to be constant whether the gas rate 
pressure, specific gravity, or size of gas nipple is altered; 
any or all of these being simultaneously changed. If the 
design of the burner casting is altered in any way, or an air 
shutter or its equivalent is adjusted, a redetermination of R 
is demanded. 

This formula applies extremely well to the large number 
of experimental results set out in Technologic Paper 
No. 193; but plain pipe burners 36 in. long and 1} in. in 
diameter were used, operated at rates much in excess of 
that usually employed in domestic practice. The formula does 
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the discrepancy often reaching 10 to 20 p.ct., nor to our 
experiments with ring burners. It will not apply to Terres 
and Straube’s results already referred to; though here the 
convection effects are undoubtedly a disturbing element. 
The Bureau has issued a very valuable paper, Technologic 
Paper No. 222 (1922), dealing mainly with adjustment and 
operation of typical domestic ring burners. The aeration 
data show but poor agreement with the formula of the earlier 
paper, though this point receives no comment. 

It is evident, therefore, that generalization has been prema- 
ture, and that, while the formula is true in many cases, and to 
this extent is valuable, the more exact specification of the 
conditions under which it is applicable is very desirable. In 
1922, the American Bureau of Standards issued Technologic 
Paper No. 222, “The Relative Usefulness of Gases of 
Different Heating Value, and Adjustments of Burners for 
Changes in Heating Value and Specific Gravity.” The 
paper is very comprehensive, and much attention is paid to 
aeration measurements. Boiling tests have been con- 
ducted with typical domestic boiling rings over a range of 
gas qualities from 300 to 600 B.Th.U. gross, mainly water 
gas, blue or carburetted, and all relatively low in inerts. 

Pressures of 3 to 5 in. water gauge were used; gas 
nipples being altered to give about the same thermal 
delivery with each grade of gas, and the character of the 
flame being adjusted by means of air-shutter operation. 

The main results are quite in accord with those already 
published by the Gas Investigation Committee, and form a 
useful extension of that work, for it will be recalled that 
attention was directed more particularly by the Gas Inves- 
tigation Committee to variation in the percentage of inerts 
in the gas. Over the whole range of gas qualities there is 
remarkably little variation in thermal efficiency in use ; and 
at gooo to 11,000 B.Th.U. per hour the thermal efficiency 
attained is 37 to 38 p.ct. of the gross calorific value. The 
effects of gas rate and specific gravity upon aeration cannot 
be satisfactorily deduced from the results given, as there 
were alterations in air-shutter adjustment for each grade of 
gas; these being made to give what to the eye appeared 
to be similar flames with each grade of gas. We have 
calculated the following table from the American results 
(Table 12), and it brings out one point in a most striking 
manner. As the gas quality passes from carburetted water 
gas of high calorific value to blue water gas, the primary 
aeration expressed as a percentage of that theoretically 
necessary for complete combustion falls very considerably 
for equal thermal deliveries at equal pressures. This is 
not due to inability of the injector to draw in sufficient air, 
with the gases of lower calorific value, but to the fact that 
the air shutter was adjusted to obtain flames of similar char- 
acter—i.¢., roughly speaking, mixtures with equal rates of 
flame propagation at the burner head. 

It is clear that if there are advantages to be obtained 
from working with very high percentages of the theoretical 
air requirement, then the burners must be altered to utilize 
such mixtures with the lower grades of gas. Some of the 
rates of flame propagation calculated from the aeration and 
flame cone-area data are appreciably different from those de- 
duced from rates of flame propagation in quiescent mixtures 
in horizontal tubes, and would point to the necessity for data 
obtained from burner tests in this connection. Thus, from 
the data given by Payman & Wheeler* for quiescent mix- 
tures in horizontal tubes, 1 in. in diameter, the rate of flame 
propagation in a mixture similar to that of the ‘city gas” 
of Table 12, would have a rate of flame propagation of about 
o'5 ft. per second, while for 300 B.Th.U. water gas with the 
degree of aeration shown, the rate of flame propagation 
would probably lie between 4 and 8 ft. per second, instead 
of 1 ft. per second as deduced from the American data. 

Interesting data obtained by Dr. Thomas of the South 
Metropolitan Gas Company were quoted by Dr. Carpenter 
in his paper, ‘‘ Some Gas-Burners and a Moral,” read be- 
fore the Institution of Gas Engineers in 1922. Very high 
degrees of aeration, up to 17: 1, were quoted in the paper; 
and it is clear that small gas-nipples of the kind used in 
lighting burners, where the diameter of the nipple ranges 
from 1/100 to 1/30 in., will be subject to peculiarities in 
behaviour which will demand separate treatment. 

Quite recently J. G. Clark, of the Gas Light and Coke 
Company, has published useful information with-respect to 
atmospheric burners (“Gas JourNaL,” March 7 and 21, 
1923). He introduces a novel method in measuring the 


* Journal Chem. Soc., Vols. 115 and 116, p. 1460 (1919), or ‘*Gas 
JOURNAL,” CLIIL., p. 615 (1921). 



























TABLE 12. 
. ae: tas Bag 4 : mR.” , ae of Tame 
. ific ir/Gas Rati eoretica agation in 
Calorific Value. Gravity. “ 3-5 in. Air Require- | Ft. a Second 
Pressure. ment. at Cone Surface. 
Water gas— 
Gob-. »« » 0°68 2°50 45'8 0°76 
550 0°66 2°50 50°0 0°93 
500 0°63 1°99 44°4 o'gr 
450 0°61 1°50 39°8 0'82 
400 0*60 1°42 41°7 1°02 
35° 0°58 0°94 32°4 o*g0 
ee « ‘% 0°57 0°65 26°4 1'O7 
Coal gas— 
ee ae 0°44 2°14 46°5 0*90 
Coke-oven gas— 
ws: . *% 0°55 2°10 55°0 } 0°98 
*City gas— | 
4 «4 « = 3 0°62 2°36 55°0 | o'92 








* Coke oven gas to carburetted water gas 2 : 1. 


suction exerted by a gas-nipple under different operating 
conditions; and the corresponding pressures generated in 
the burner body for expelling the air-gas mixture formed. 
It is a little difficult to see how these measurements can be 
directly correlated with the degree of aeration under speci- 
fied working conditions. 


APPENDIX.—NoTE oN THE VISCOSITY OF COMMERCIAL 
Gas MIxTuREsS, INCLUDING ArIR-Gas MIXTURES. 


While the specific gravity of gas mixtures is most impor- 
tant in connection with aeration, it was believed that other 
physical properties might in certain cases influence the final 
result to a degree that would not be negligible. Of these, 
variation in viscosity at once claims attention. 

The viscosities of most of the individual gases are well 
known, and range from 888 x 10-7 C.G.S. units for hydro- 
gen to 1783 x 10-7 C.G.S. units for air. There is no direct 
connection between specific gravity and viscosity, and the 
heaviest of the common gases, carbon dioxide, has a com- 
paratively low viscosity. Further, the viscosity of a gas 
mixture is not the mean of that of its constituent gases, 
nor does it appear possible to calculate the viscosity of a 
mixturein any simple manner. Available information with 
regard to the viscosities of commercial gas mixtures was 
very meagre, and a number of typical mixtures were there- 
fore examined. As the work was intended mainly for appli- 
cation to aeration problems, mixtures of coal gas and air 
have also received attention. It is quite clear, however, 
that the data obtained will have a wider application, parti- 
cularly to the flow of gas in pipes and to distribution. 

The values were obtained by determining the rate of flow 
of the carefully-dried mixtures through a capillary tube, 
maintained at 15° C. (60° Fahr.). The pressure drop em- 
ployed between the ends of the tube was 3 in. water gauge, 
and the tube was so selected that the gas rate was well below 
the critical velocity for each mixture. The apparatus was 
calibrated by passing dry air under like conditions, and 
assuming a value of 1783 x 10-7 units as its viscosity. 

The value of 1783 x 10-7 C.GS. units (in which visco- 
sities are almost universally expressed) was taken from the 
Chemiker Kalendar, Bd. II., p. 388 (1914). Kaye and Laby, 
“ Physical and Chemical Constants,” give 1810 x 1077. 
Independent calculation of the value for air from the deter- 
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mined constants of our own apparatus gives 1785 X 1077 
at 15° C., showing satisfactory agreement with the above. 

Fig. 12 shows graphically how the viscosities of 
various cogl-gas-air mixtures are related to those of the gas 
and air respectively. The relation is not linear. 

















Viscosity in C.G,.S. Viscosity on Basis 
Gas. Units at 15°C, ir = 100. 
1.8 Hydrogen . 888 x 10” 49°8 
2. Coalgas . 1300 a 73°° 
§. Tow gas. cs78- 76°9 
4. Carburetted water gas . 1493 na 83°7 
5. Blue watergas . . ret. 85°3 
6. ” 2-98 ” 1503 ” 84°3 








The analyses of the gases were as follows : 
































Coal gas of the same quality as that shown above was 
mixed with air in various proportions, and the following 
indicate the viscosities obtained. 

















Mixture Containing ; 
Viscosity in C.G.S. On Basis 
] Units at 15° C, Air = 100. 
Air | Gas 
100 vols. o vols, 1783 X 10-7 100 
75 25 1709 ” 95°6 
O08 .4; 50 4, 1600, 89°7 
25 » 75 1460», 81°9 
oO too , 1300 ” | 73°° 





In connection with aeration, the same results may be con- 
veniently expressed for different air-gas ratios thus : 








2. 3° 4 5. 6. SSSA Tr te or eee 
. Carburetted | 
— Coal Mixed Coal | Water Gas | Water Gas. | Water Gas, Air-gas ratio 1:1 1600 X 10-7 89°7 
Gas, Gas and | C.V. 390 | Beginning End of 2:1 1672 93'8 
C.W.G. 2: | Gross. | of Run. Run. S31 1708 K: 95°6 
| 4:1 17250 96°7 
> Np ae 43 | 776 | 4's - 5it 1730, 97°4 
Og. o'6 2°7 3°6 | — _ 
CmHn 2°4 I'o o'9 _ _ ag 
co 7'8 16°4 | 30°5 | 416 34°3 fe e ‘ 4 , 
He . 41'9 40°8 39°2 | 517 54°0 It will be noted that for many typical air-gas mixtures 
Ni. “6 Sa 3 eee aah ine passing through burner tubes, no serious error will be com- 
| mitted in using the viscosity coefficient for air. 
100°0 100"0 100°0 = |_-100"o to0"o The viscosity of gases increases with temperature ; and in 
_—__ ee sy . . . . 4 
Sp. er eset o-sso | -o-ésa | 0's29 0527 | the case of air, the increase is approximately 0°36 p.ct. 
| per degree C. in the neighbourhood of 15° C. 
~ . “ wr, 
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CARBORUNDUM RETORTS. 





By M. Barrett. 


The fact that the use of carborundum gas-retorts is now 
provided for in the recently issued revised standard specifica- 
tions of the Institution of Gas Engineers is of considerable signifi- 
cance, and merits the earnest consideration of progressive gas 
managers. 
in so many industries, and have so decidedly made good, that 
the foresight shown by the Refractory Materials Committee in 
respect of the use of this relatively new material is to be 
commended. - 

Bonded carborundum, which is the commercial name employed 
for what is essentially crystalline carbide of silicon, was at one 
time a proprietary article. This, however, is no longer the case; 
and several of the more progressive firms in this country now 
specialize in refractories made with this material as a basis. 
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SECTION oF RETORT SHOWING PANEL 
CONSTRUCTION 








The resulting competition has been directly responsible for the 
recent great advances which have been made in quality, and also 
for the substantial reduction in price. Considering the many 
important and unique properties possessed by carborundum, it is 
surprising that its use is not more general in the gas industry, 
particularly for gas-retorts ; but as far as the writer is aware, no 
horizontal carborundum retorts have ever been made, though 
such retorts were used exclusively, and with exceedingly 
encouraging results, in a recent vertical-retort installation. 


Carborundum refractories are in such general use | 


The principal property which recommends carborundum as 


| being superior to fireclay, silica, or any other material which has 


| hitherto been either suggested or used, is its high thermal con- 


ductivity—i.¢., the rate at which heat is transferred from the 
outside to the inside of the retort. This, in its bonded form, 
is seven times that of either fireclay or silica. When we are told 
of the fuel economy which has resulted from the substitution of 
silica for fireclay, the relative difference in conductivity of which 
is approximately in the ratio of 1:1°2, one begins to appreciate 
what may be expected if a material is used in which this ratio is 
increased to 1: 7. Considerable as this difference is, it by no means 
represents the difference which would be obtained in practice, 
because experience has shown it is unnecessary to employ 
carborundum with such thick walls as are common with other 
materials; and it is now usual to form hollow panels in carbor- 
undum shapes. A carborundum retort 1 in. thick would meet all 
likely requirements as far as wear and tear were concerned; 
but it would be quite impossible propsrly to joint and fix thin 


| sections to ensure a monolithic whole which would be gas-tight. 


In this respect the panel treatment is effective, as it enables 
good substantial joints to be made, and, at the same time, 
considerably increases the actual thermal conductivity, because 


| of the reduced thickness of the panel walls. 


Another important post of the material is its extraordinary 
hardness, density, and strength ; and in these respects it is com- 
=" with carborundum abrasive wheels, which are familiar 
to all. 

The co-efficient of expansion of bonded carborundum is practi- 
cally nil; and this means an almost entire absence of the cracking 
so prevalent with fireclay and silica. Its refractoriness far ex- 
ceeds all possible requirements; and any failure due to fusion 
is quite excluded from consideration. A minor, but in some cases 
an important, feature is that carborundum is not attacked by 
flying ash or flue dust, and does not allow of the formation of 


| slag, which is troublesome in districts where the coal used is high 





in ash of low refractoriness—a combination which speedily de- 
stroys both fireclay and silica. 

Carborundum is, unfortunately, expensive, and must of neces- 
sity always be so. That its unique properties amply justify the 
cost has been proved in other industries. The primary cost of 
retorts is an insignificant item compared with the total cost of a 
complete bench, and the increased life alone would merit the 
choice of carborundum. It is, however, in the direction of fuel 
saving that the economic value of the material would amply 
justify its adoption. 

In muffle enamelling furnaces, where the conditions are not dis- 
similar to those applying in the case of gas-retorts, the difference 
in cost between carborundum and fireclay linings has been met 
within three months by the saving in fuel alone ; and subsequent 
savings were a net gain. 

The purpose of the writer in putting these facts forward is to 
plead with gas managers to try this new material. The high 
prestige enjoyed by the British gas industry has only been 
achieved as the result of pioneer work; and it is by a willingness 
to continue such work that progress can be maintained. Car- 
borundum will prove itself to be as indispensable in the manu- 
facture of gas as it is in so many other industries. 
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FLOW 


OF GAS 








IN PIPES. 





D = diameter of pipe. \ 
L_ = length of pipe. 


v = velocity of flow.* 

Va = Corresponding velocity at N.T.P. 

Vc = Critical velocity. 

P, = absolute pressure at beginning of | alternatively in 
pipe. C.G.S. or ft.- 

P, = absolute pressure at end of pipe. Ib.-sec. units. 


Pa = atmospheric pressure. 

g acceleration due to gravity. 

W = density of the fluid in the pipe. 
Wa = density of the fluid at atmospheric j 


pressure. 
S = specific gravity of gas as compared with air (both 
wet). 
¢ = coefficient of friction. 








By STEPHEN LACEY, B.Sc., Assoc.M.Inst.C.E. 





SYMBOLS USED. 


» = viscosity, in C.G.S. units throughout the paper. 
Q = flow in cubic feet per hour, gas at N.T.P. 


d = diameter of pipe in inches. 
h =loss of pressure due to friction between ends of 
pipe, in inches of water. 


hioo = loss per 100 ft. of straight pipe. 

fp: = absolute pressure at beginning of pipe, in lbs. per 
sq. in. 

f, = absolute pressure at end of pipe, in lbs. per sq. in. 

fa = atmospheric pressure in lbs. per sq. in. 

R = frictional force per unit area of internal surface of 
pipe in absolute units. 

C = constant in PV = CT. 

Vv specific volume. 

T = absolute temperature. 


* By velocity is meant mean velocity at a cross section of the pipe. 


INTRODUCTORY. 


Towarps the end of the last century, when the accurate | 


prediction of the flow of gas in pipes became a question of 
practical importance in connection with distribution at re- 
latively high pressures, it was found that what is known as 
Pole’s formula,* which for all practical purposes had well 
served the gas engineer since 1852, could not be relied upon 
to give results reasonably in accordance with the measured 
discharges from mains where the loss of pressure between 
the ends was many pounds per square inch instead of a few 
inches of water. 

The interest thus aroused in the theory of the flow of gas 
in pipes has led to a clearer understanding of the principles 
involved; but there remains the need of developing a satis- 
factory method of correlating and classifying experimental 
data if full use is to be made of the increase in theoretical 
knowledge. 

In this paper, the author proposes first to summarize 
the theoretical groundwork of the subject; secondly to give 
the results of experiments made on the resistance to flow in 
gas pipes of small diameter; and finally, to bring to the 


notice of members of the Institution research work carried | 


out in the National Physical Laboratory} some ten years ago, 
which throws a new light on all problems connected with 
the surface friction of fluids, and incidentally provides the 
means, hitherto lacking, of dealing with experimental data 
in such a way as to render them readily available for guid- 
ance in the future. 


Dr. Unwin’'s INVESTIGATION. - 


The most important contribution to the theory of the flow 
of gas in pipes was made in 1904 by Dr. W. C. Unwin} in 
a paper written for this Institution at the request of the then 
President, Mr. H. E. Jones. Dealing first with the case of 
low-pressure distribution, where the difference in pressure 
between the ends of the pipe is not sufficient to cause im- 
portant changes in density and volume (a difference of 
4 in. water pressure only represents about 1 p.ct. change in 
volume and density), Dr. Unwin pointed out that in such 
conditions the hydraulic formule are theoretically appli- 
cable, and that, in fact, Pole’s formula is an adaptation of 
the fundamental hydraulic formula associated with the name 
of Chezy.§ 

The general form of the Chezy formula as applied to flow 
in pipes is 
v _ DJ, Pi—Po _ 


oS ae ee eS 


and from it is derived (see Appendix 1) the following low- 








* William Pole ‘‘ On the Motion of Fluids in Pipes "’ (‘‘ Journal of Gas 
Lighting,’’ June ro, 1852). 

t T. E. Stanton and J. R. Pannell on ‘‘ Similarity of Motion in Relation 
to the Surface Friction of Fluids.’’ Phil. Trans., A, 214 (1914), 199. 

t ‘The Flow of Gas in Mains and Distribution at High Pressure "’ 
(Trans. Institution of Gas Engineers, 1904). 

§ W. C. Unwin, ‘‘ A Treatise on Hydraulics '’ (Adam and Charles Black, 
1907). 





pressure formula which is expressed in the gas units adopted 
by the author. 


Oe rr 


Equation (1) was based on the hypothesis that the resist- 
ance to flow of a fluid in a pipe is: 


(a) Independent of the pressure in the pipe. 

(b) Proportional to the “ wetted” surface—i.c., the pro- 
duct of the length and perimeter of the pipe, to the 
density of the fluid, and to the square of the mean 
velocity. 


If the foregoing assumptions were, strictly speaking, true, 
¢, which is known as the coefficient of friction, would be a 
constant, except as regards the degree of roughness of the 
internal surface of the pipe. Pole’s formula is based on the 
supposition that ¢ is a true constant and its value 0°0065 
(see Appendix I.). But in actual fact the assumptions on 
which the Chezy formula was based are only approximately 
true; and therefore, if accurate results are to be obtained 
by use of the formula, ¢ must be given a value appropriate 
to the particular conditions of flow under consideration. 

When Dr. Unwin came to consider the problem of the 
evaluation of ¢ in the Chezy formula as applied to flow in 
gas mains, he reviewed the extensive work done in the same 


| field during last century by investigators in hydraulics, he 





re-examined his own work in connection with tests on the 
Paris compressed-air mains, and finally, after reviewing the 
somewhat scanty experimental data available with regard 
to flow in gas mains, he wrote: 

“Taking all things into account, and allowing some 
weight to the gas experiments, perhaps nothing 
better can be done at present than to take the follow- 
ing expression as giving the value of ¢ for gas mains: 


12 
* ¢ = 00044 (1 + 5) ‘Sp RPE ae We a ae hee ee 
until some fresh experiments are made.” 


In the following table will be found values of ¢ obtained 
from this formula for pipes of various diameters. 








| Dia. of Pipe. 





Dia. of Pipe. | & 
Inches, s I Inches, s 
ig ui, ere. 7a satheateensinemcentll 

2 0*0082 \ 18 0' 00482 

4 0'0063 | 24 0°00471 

6 0° 0057 30 0°00465 

8 0°0053 | 36 0°00461 

12 | 0° 0050 48 0° 00456 


Having dealt in this way with the determination of the 
value of ¢, Dr. Unwin proceeded to give formule he had 
developed in connection with his work on the flow of com- 
pressed air in mains, which are applicable when the loss of 
pressure between the ends of the pipe is such as to produce 
changes in volume and density too great to be neglected. 
The manner in which the high-pressure formula is deve- 





* In this equation d represents diameter of pipe in inches. 


(In Dr. 
Unwin's paper the diameter was given in feet.) 
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loped from the Chezy formula will be found in Dr. Unwin’s 
“ Treatise on Hydraulics,” Chapter x1. Expressed in the 
gas units used in this paper, the formula giving discharge 
in cubic feet per hour is : 


Q = 26754/ sb ae TS ee Sa ee ae a (4) 
- (Expansion assumed to be isothermal at.6o0° Fahr.) 


The coefficient of friction, ¢, figures both in the low- 
ressure formula (2) and in the high-pressure formula (4). 
Rosset to equation (3), ¢ varies only with the diameter 
of the pipe; but, as will subsequently appear, it also varies 
with the velocity of flow, and with the density and the vis- 
cosity of the fluid. Nevertheless, an equation relating ¢ and 
d enables ¢ to be determined with reasonable accuracy for 
use in the low-pressure formula, because the conditions of 
flow are then such as strictly to limit the possible variation 
in velocity and density. But in high-pressure distribution 
the simible range of variations in velocity and density is 
very much extended; and consequently an equation of this 
form cannot then be used with the same confidence. 





AMERICAN HIGH-PRESSURE FORMULA. 


It is not proposed in this paper to refer specifically to the 
various formule developed and used in America (such as 
the Pittsburg, Oliphant, Cox, Lowe, and Chicago formulz) 
because, though differing superficially from Unwin’s formula, 
and from one another, they are fundamentally similar,* and 
can be reduced to the same general form as equation (4). 
The differences that then remain are accounted for by the 
fact that the value of the coefficient of friction in a particular 
formula has been selected so as to bring results obtained 
by the use of the formula into accord with a particular 
group of experimental data. 


* * * a 


So far as°the author is aware, the foregoing summary 
indicates the scope of the theoretical treatment of the flow 
of gas in pipes to be found in published work on the sub- 
ject, if an exception be made of an article contributed by 
Mr. D. Chandler to the “ Journal of Gas Lighting” (Feb. 
8, IgT0, p. 357) in which he described and gave the results 
obtained from experiments made for Dr. Charles Carpenter 
on the flow of gas in pipes of small diameter (3 in. to } in. 
bore). It was pointed out that, below a critical velocity 
which depended on the diameter of the pipe, the loss of 
pressure was directly proportional to the velocity of flow, 
instead of being proportional to the square of the velocity, 
and that consequently Pole’s formula was inapplicable to 
such conditions. Mr. Chandler also commented on the part 
played by the viscosity of fluids in the relation between 
loss of pressure and velocity of flow. 

The author proposes at this point briefly to discuss 
* viscosity” and related phenomena, because, until their 
significance is appreciated, no further advance can be made 
in the rational treatment of flow in pipes. 


VISCOSITY. 


The loss of pressure in fluids flowing in pipes is not, as is 
sometimes thought, due to friction (comparable with solid 
friction) between the fluid and the pipe, but to internal 
friction occasioned by the relative motions set up within the 
fluid itself. ( sh 

The magnitude of the internal friction that corresponds 
with a defined relative motion is a measure of the viscosity 

fluid. ‘ 
” The viscosity of a fluid is defined as the tangential force per 
unit area required to maintain a relative velocity of unity 
between two planes in the fluid at unit distance apart. 

The viscosity of a fluid is independent of pressure, except 
at very low pressures, but varies with the temperature. 

The following diagram shows the viscosities of water and 
air in C.G.S. units at temperatures between 32° and 212 
Fahr. It will be observed that, whereas the viscosity of 
water diminishes, the viscosity of air increases with in- 
creasing temperature; and this latter relation is true of all 


ases. . 2 . . . 
When the investigation described in this paper was under- 
taken and the importance of viscosity recognized, a search 
was made for authentic determinations of viscosity for com- 





* H. L. Rice, of Aurora, U.S.A., “‘ a Distribution."’ (‘‘ Journal 
ighting,'’ Dec. 5, 1905, Pp. 679. , 
“ Sw soit, «High-Pressure Gas. Distribution.'’ (‘Journal of Gas 
Lighting,"’ Oct. 10, 1911, Pp. 109.) 
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mercial gas mixtures. But the only figure found was that 
given for coal gas in Mr. A. B. Eason’s valuable book— 
‘Flow and Measurement of Air and Gases,” C. Griffin & Co., 
Ltd. (1919)—namely, o-000135at11°C.* This figure was pro- 
visionally accepted by the author, though the gas with which 
he experimented was a coal-gas mixture containing about 
30 p.ct. of carburetted water gas. The indirect check ob- 
tained by experiments with gas and air on the same pipe 
(fig. 4) appeared to show that the figure adopted was ap- 
plicable to the particular gas mixture used ; but corrobora- 
tive evidence was desired. 

Within the last year Mr. James W. Wood, Research 
Chemist to the Gas Heating, Lighting, and Ventilation 
Research Committee of the Institution, has determined the 
viscosities of commercial gas mixtures. These have been 
communicated to the author by Prof. Cobb; and though 
they have not been published before, by the courtesy of the 
Committee he is permitted to include them in the text of 
this paper. They are as follows: 


Viscosities of some Commercial Gas Mixtures in Absolute 
C.G.S. Units at 15° C. 


























Air . . . « « « |1783 X 107 7(taken as stan- |On basis air = 100 
Hydrogen ; <i jr dard) 49°8 
1 Coalgas . . . .|/1300 ,, . 73°0 
2 Towngas. . . .1/1372 4, 76'9 
3 Carburetted water gas |1493__s, 83'7 
4 Blue water gas . .|152r ,, 85°3 
Fe a ee 84°3 
2. 
hi teas Mixed Coal ti co, 5 
Nn: sis 0 an iw : 
Geeee. sed, - Carburetted 3 Beginning — of 
Water Gas. of Run. - 
2:r 
CO, . 2°6 4°3 7°6 4°5 8'6 
Og. 0'6 2°9 3°6 oe ° 
CmHn 2°4 I‘o o'9 ae ° 
co. 78 16°4 30°5 41°6 34°3 
Hg. . . «| 41°9 40°8 39°2 51°7 54°0 
8. + al ae 22°0 7°2 o'4 o'9 
Ne. 2s 6 of +85°S 12°8 It‘o 18 2°2 
100°0 100°0 100°0 100°0 100°0 
wp. Ge,  « « 0° 491 0°540 0°632 0°529 0°527 
Cal. Val. (gross) <3 xf 390 es ee 




















It will be noted that Mr. Wood’s determinations of vis- 
cosity justify the author’s adoption of 0:000136 for a gas 
mixture at 60° Fahr. containing 30 p.ct. of carburetted 
water gas, sp. gr. 0°525. The figures also show that the vis- 
cosities of the gases supplied by gas undertakings in this 
country lie between the limits of 000013 and o-ooor4, the 
former being applicable to a straight coal gas, the latter to 
a mixture containing about 40 p.ct. of carburetted water gas, 


STREAMLINE AND TURBULENT Fiow. 
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The above diagramf illustrates the two characteristic 
types of motion of fluids flowing in pipes. At relatively 
low velocities the flow is streamline in character, and the 





* Taken from a French table of physical constants in the ‘‘ Revue de 
Physique,'’ 1916. ’ 
+ Unwin’s ‘‘ Treatise on Hydraulics,’’ Chapters 3 and 8. 
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loss of pressure is directly proportional to the velocity. At 
higher velocities, the character of the flow is eddying or 
turbulent, and the loss of pressure is approximately propor- 
tional to the square of the velocity. The velocity at which 
the character of the flow changes from one type to the other 
is called the critical velocity. 

It was established forty years ago, by Prof. Osborne 
Reynolds,* that the critical velocity is dependent upon the 
density and viscosity of the fluid and upon the diameter of 
the pipe. The relation is given by the following expression : 

te (3) 


The constant (known as Reynolds’ constant) in equation 
(5) has alternative values, the one corresponding with the 
velocity at which streamline flow in a long straight pipe 
breaks up into turbulent flow as the velocity is gradually 
increased and when care is taken toavoid initial disturbance 
of the fluid, the other corresponding with the velocity at 
which the change in character of flow occurs when the fluid 
is initially disturbed. 

In problems connected with flowin pipes, only the second 
critical velocity, known as the lower critical velocity, is of 
practical importance, for the reason that, if conditions are 
such that the flow may conceiyably be either streamline or 
turbulent,.it is necessary to assume turbulence, because it 
results in the higher loss of pressure. 

The values of Reynolds’ constant, corresponding with 
the lower critical velocity given by different experimenters, 
lie between 2080 and 2500. This somewhat wide variation 
is chiefly due to the fact that the lower critical velocity is 
affected by the degree of initial disturbance in the fluid, 
and that the influence of this factor varied with the conditions 
in which the experiments were carried out. 

Adopting the figure 2320, which is based on the latest 
experimental evidence, equation (5){ becomes : 

(Air) = 20 ee 
7 / in C.G.S. units 
where v, is the lower limit of critical velocity. 

By converting W, v,, and D into gas units, but with » re- 

maining in C.G.S. units, the following equation is obtained : 
Woda 
“BoGq (7) 

From which, if W = 0°04 (equivalent to gas of sp. gr. 

0°525 and at 60° Fahr.) and » = 0°000136, 
v= 235 CML! a ia ts ae eG ARSE 

The information in the following table is given with the 
object of comparing critical velocities for gas with corre- 
sponding figures for air and jwater, and of illustrating the 
extent to which the flow in small pipes in gas distribution 
systems may bestreamline. It should be noted that, though 
in a long straight pipe the flow is inevitably streamline at 
velocities lower than the critical value, bends or other resist- 
ances may have the effect of temporarily setting-up turbu- 
lent flow at velocities considerably below the critical value 
for a straight pipe. This has a practical bearing on the re- 
sistance to flow in house piping. 


Density, Viscosity, Lower Critical Velocity v, (Reynolas’ 
Constant = 2320) and Corresponding Discharge Q for 


om MD OCRUMARE ci www 6 4 0 et ee 8s 
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Water, Air, and Town Gas in Respect of Small Pipes. 
Actual Water. Air. Town Gas. 
Internal 

Diameter 
of Pi W = 62"4 = *0760*, = *040, 
in Inches. 4 = ‘OIT3. = ‘000180. = *000136. 

d Ue Q Uc Q Vc Q 

z 1°35 1°66 17°68 21°7 25°4 3I'2 

4 0°68 3°32 8°84 43°4 12°7 62°4 

2 0°45 4°98 5°89 65° 8°48 93°6 

I 0°34 6°64 4°42 86°7 6°35 124°7 























* Density at 60° Fahr., 30 in, mercury, 70 p.ct. moist. 
EQUATIONS FOR STREAMLINE FLow. 


Starting with the fundamental definition of viscosity, the 
following equation in C.G.S. units can be logically deduced 
for streamline flow in pipes: 

vy = (Pi — PalgD?* 

32nL 
* Phil. Trans. Roy. Soc., 1883, p. 935. 
King (Phil. Mag. 31, sods ome 4 = 


i L. Schiller (Zeit. ang. Math. Mech. 1 , Inst.C.E. Engineering 
Abstracts, No. 12, 1942, anaes = 


(9) 


+ . . . . . 








Numbers of experiments have confirmed the validity of 
this equation. It is to be observed that the flow is inde- 
pendent not only of the degree of roughness of the internal 
surface of the pipe, but also of the density of the fluid. 

Derived equations, using the special gas units adopted, 
are as follows: 


4 
Q= r0'6r “P . (10) 
v= 0°540 “ i ae » (tr) 


When the viscosity, 7, for a town gas may be taken 
as 0°000136, 


4 
Q = 78,000 < oo 6 6 (12) 
v= 3,979. ~- . e a (13) 


Subject to the reservation already made with regard to the 
effect of bends, &c., the above equations can be used for 
determining the loss of pressure in small pipes at velocities 
below the lower critical velocity. 


LoGARITHMIC FORMUL2. 


Within defined limits of velocity and in respect of any 
particular fluid and pipe, the relation between velocity of 
flow and loss of pressure can be accurately expressed by 
means of an equation of the form 
h bey 

“i Ko . (t4) 
where K is a constant. 

For streamline flow, the index of velocityw = 1. For 
turbulent flow, the index of velocity is in the neighbourhood 
of 2; but its exact value depends upon the degree of rough- 
ness of the pipe and upon the velocity itself. With smooth 
pipes, at velocities above, but relatively near, the critical 
velocity, the index » may be as low as 1°7; while at the 
same velocities, but with rougher pipes, » will have a value 
approaching 2. With smooth pipes the index of velocity 
approaches a value of 2 as the velocity increases.* 

If for a particular pipe values of 4 and v determined ex- 
perimentally are plotted on logarithmically ruled paper, the 
points will lie on a straight line if the relation between 
h and v can be expressed by an equation of the form 
h 


L 


values of v as abscissz, ” is equivalent to the slope of the 
li ., logh 
ine—t.¢., —2— 
log v 
Fig. 1 affords an illustration of this method of dealing 
with experimental data. The graphs have been obtained 
from two experiments made by the author on the same 
length of gas barrel (actual bore 0°972 in.). The velocity 
of flow vis plotted against loss of pressure per 100 ft. of 
straight pipe, 4. One graph G refers to an experiment 
made with town gas containing 30 p.ct. of carburetted water 
gas and of sp. gr. 0°525; while the other graph A refers to 
a similar experiment with air. The points marked thus— 
©, +—have been plotted from the experimental data.. The 
points marked thus—©, )—apply to the critical velocities 
for gas and air respectively as obtained from equation (7), 
and to the corresponding values of h per 100 ft. as obtained 
from equation (1a) Appendix 1. The full black lines at 
45° with the axis correspond with the theoretical streamline 
flow. The dotted lines drawn through the points above the 
critical velocities correspond with turbulent flow. It is to 
be observed that the change from streamline to turbulent 
flow did, in fact, occur at a velocity close to the lower 
critical velocity as calculated from equation (7), and that 
the index of velocity for turbulent flow for the particular 
pipe used and for the range of velocity shown was 1°78. 


Kv"; and if values of h are plotted as ordinates, and 


Tue AvuTHOR’s ExPERIMENTS ON FLow 1n_SMALL 
Gas PIpEs. 


The two above-mentioned experiments on 1-in. gas barrel 
formed part of a group of tests made with the object of 
determining the resistance to flow in gas pipes of small 
diameter. A description of the conditions under which the 
tests were made, and a sketch showing the arrangement of 
the apparatus used, are given in Appendix 2. 

The tests on pipes other than 1 in. diameter were made 

* Stanton and Pannell (Phil. Trans. 214 A. 199, 1914). 

+ For a description of the orifice meter and sensitive manometers used, 


see J. L. Hodgson, ‘Commercial Measurement of Gas and Air,’’ Proc. 
Inst.C.E. (1918). 
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with air only. It was found convenient to use air instead 
of gas because the density and viscosity of the former could 
be accurately estimated, and it was practicable to use air 
instead of gas because the law of similarity of motion 
established experimentally by Stanton and Pannell, and 
referred to hereafter, enabled the author to calculate from 
experimentally-determined air flows the corresponding 
flows for any gas mixture of known density and viscosity. 

Fig. 2 gives the relation between the flow in cubic feet 
per hour, Q, and the loss of pressure, in inches of water, 
per roo ft. of straight pipe, h,., for a gas at 60° Fahr. 
Sp. gr. 0°525, and viscosity 0°0001 36. 

The nominal diameters of the pipes ranged from } in. to 
2 in., and the actual internal bores are given in the table 
with fig. 2.. It should be noted that with the smaller pipes 
the actual diameters differed considerably from the nominal. 
For example, the so-called } in. pipe was actually 0°367 in. 
in diameter. Diameter is a factor of greater importance 
with streamline flow than with turbulent flow, because, 
whereas with turbulent flow the discharge varies with d' 
(see equation 2), with streamline flow it varies with d* (see 
equation 12). The following is an instance of the sig- 
nificance of this relation in actual practice. With the so- 
called } in. barrel used by the author, the discharge corre- 
sponding with a loss of one-tenth of an inch of water per 
10 ft. of straight pipe was 15 c.ft. per hour. Had the 
internal diameter been, in fact, 0°25 in. (which corresponds 
with 4 in. gas pipe) the discharge would have been 3 instead 
of 15 c.ft. per hour. The graph for such a pipe is shown 
by a dotted line on fig. 2, 


RESISTANCE OF TEES AND BENDS. 


Service and house pipe are, generaliy speaking, made 
up of short lengths of straight pipe connected together 
with bends, tees, &c.; and since the diagram (fig. 2) is 
intended for use in proportioning such pipes, it has been 
constructed on the assumption that the bends, &c., will 
occur at intervals sufficiently frequent to prevent the 
establishment of streamline flow at velocities higher 
than those corresponding with the intersection of the lines 


Figure 2 shews relation belween () = discharge in cubic feel per hour and 





| 


for streamline and turbulent flow (Z-on fig. 1). This 
assumption is justified by the results of the author’s tests 
on the resistance of bends and tees (see Appendix 2), in 
which it was found that the resistance of such fittings could 
for practical purposes be expressed in terms of correspond- 
ing lengths of straight pipe (for the whole range of velocity 
for which observations were taken) provided the lengths of 
straight pipe equivalent to the additional resistances intro- 
duced by the fittings were found from fig. 2. 

In the table with fig. 2 will be found summarized the 
results of the author’s experiments on bends and tees of 
small diameter, The range of velocity of flow was suffi- 
cient to cover every condition likely to occur in practice. 
Within this range the lengths of straight pipe equivalent 
to particular fittings were not greatly affected by the 
velocity, though there was a tendency for the equivalent 
length to increase with the velocity. 

Apart from the isolated figure given in the above table 
for the equivalent length of straight pipe corresponding 


| with the additional resistance introduced by a 4 in. tee, the 


author has, as yet, found no favourable opportunity for 
measuring the resistances of bends and fittings in pipes of 
larger diameter than 2 in. As giving an indication of the 
order of the resistance to be expected from tees and sharp 
elbows in pipes of 3 in. diameter and upwards, the following 
empirical formula may be used : 

Equivalent length in feet = 6 (d—2). 

For a comprehensive discussion of the experimental evi- 
dence available with regard to the loss of pressure at fittings 
and bends, reference should be made to Eason’s ‘‘ Flow and 
Measurement of Air and Gases,” Chapter 3. 


* * * * 


When tracing the development of the low-pressure and 
high-pressure formule (equations 2 and 4) from the Chezy 
hydraulic formula, it was shown that their accurate use 
depends on the ability to select a value for the coefficient 
of friction ¢ appropriate to any particular condition of 
flow. It was also pointed out that the empirical formula - 
(equation 3) relating ¢ to the diameter of the pipe, pro- 


- 


Mog loss of pressure in inches of waler per 100 feet of sitaight pipe — 


a“ 
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nominal diamelers 44" lo 2 


The dagram 1s consitucléd lor gas of specific gravilly S=0-525 and 


of viscosily 
and viscosily 


T- 0000/36 ; and ifused for gases of different densily 
e necessary corrections can be oblained by reference fo 


equation(2) lor lirbulent flow,and equation (10) fer sirearn line flow. 

The lollowing lable gives Ihe addilions lo be made, when using Fig. 2, 
fo Ihe overall lenglh of a pipe fo allow for increased resislance iniroduced 
by special Iilfings . There 1s also giver Ihe relation belween discharge in 
cubic feel ner hour, and velocily in Teelper second, for various diamelers 


of pipe used in experiments. 
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visionally adopted by Dr. Unwin, cannot. be confidently 
used in. conjunction with the high-pressure formula (equa- 
tion 4) because varies with the velocity of flow as well 
as. with the diameter of the pipe. 

It is now proposed to show how the problem of the 
evaluation of ¢ can be solved by approaching it from a 
more fundamental standpoint. 


GENERAL Law oF SuRFACE FRICTION BETWEEN FLuIDS 
AND SOLIpDs.* 


Reference has already been made to Reynolds’ discovery 
that the change from streamline to turbulent flow of a 
fluid in a pipe occurs at a particular critical value of the 


expression ep. Reynolds also enunciated a law of 


resistance for all conditions of flow in pipes—streamline 
or turbulent. 

Some twenty years after Reynolds’ investigation, the 
development of aircraft made a complete knowledge of-the 
laws governing the surface friction between fluids and solids 
of great practical importance ; and in 1909 Lord Rayleighf 
showed from theoretical considerations that Reynolds’ law 
of resistance to flow in pipes is only a particular case of a 
general law which may be expressed thus : 


R = wef (2) bE Sapa . (15) 


where R is the resistance per unit area of surface between 
the fluid and solid, and f signifies function. 
The law may be alternatively expressed by the statement 
f WvD 
n 





that with any particular value o (which may 


be arrived at by any possible combination of the factors 
W, v, D, and ») there will correspond:a definite value of 
R 


R 
Wt 


The significance of equation 15 in relation to the problem 
of the evaluation of ¢ lies in the fact that [ = 


and ¢. 


a. 
4 We? 
It follows that if, in respect of a par- 
ticular pipe and a particular fluid, the relation between 
R WeD 
pwa 
be possible to predict with accuracy the correct value of ¢ for 
any fluid of known density and viscosity flowing in a pipe 
of any diameter (provided the internal surfaces of the two 


(see Appendix 3). 





be experimentally determined, it will then 





* See Stanton and Pannell (reference above). 
t Report of Advisory Committee for Aeronautics, 1911-12, p. 97. 


Figure 5 





pipes are geomeétrically similar as regards roughness) at any 
WeD 
n 





velocity, if the value of for the particular conditions 


of flow lies ‘within the range for which corresponding values 
of ¢ have been experimentally determined. 


Dr. STANTON’S INVESTIGATION. 


The validity of the general law of surface friction deduced 
by Lord Rayleigh was established by an extensive series of 
experiments carried out at the Aeronautical Department: of 
the National Physical Laboratory in the years 1909-13. 

The relation between resistance to flow (as measured by 
loss of pressure) and velocity was determined in respect of 
both air and water, for‘a number of commercially smooth- 
drawn brass pipes varying in internal diameter from 0°361 


WveD 
n 





to 2*$55 cm. The highest value of 


470,000. 
Fig. 3 shows the manner in which the results were 


in any test was 


graphically recorded. Values of ms were plotted as 


WvD 





ordinates* and values of as abscissz;.it was found 


convenient to plot the latter to a logarithmic scale because 

this device enabled the whole range of values to be shown 

on one diagram, while retaining a reasonably open scale in 

WeD 
” 





the neighbourhood of the critical value of , where the 


tate of change of we is greatest. 


Under streamline conditions of flow, the relation 


between ¢ and Sep we? = 16 
C.G.S.-units (see Appendix 4). The-theoretical streamline 
curve is shown in fig. 3; and as the fundamental equation 
(7) had been many times verified by other investigators, the 
fact that all the. points corresponding to velocities below the 
critical velocity fell on the theoretical curve was expected. 
Under turbulent flow conditiong all the points fell within 
the limits shown on fig. 3, thus confirming Lord Rayleigh’s 
general law of surface friction, equation (15). The corre- 


WvD 





is given by the equation ¢ 





sponding values of ¢ for identical values of for pipes 


of different diameter were not quite identical, because the 
pipes were not precisely geometrically similar as regards 
roughness of surface ; but the fact that the points lay within 
narrow limits showed that the slight irregularities in this 
respect did not have a inarked effect upon the resistance. 








ve In fig. 3 values of —= 
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instead of Rt. . are plotted. 
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Tue CLASSIFICATION OF EXPERIMENTAL DATA AND 
THE EVALUATION OF 


The theoretical streamline curve and Stanton’s curves for 
smooth brass pipes from fig. 3 constitute the framework of 
figs. 4 to 7 inclusive. 

On fig. 4 are plotted the results of two tests on a I-in. gas 
pipe; the first test with air, the second with gas. In calcu- 


lating the value of = = 


at 60° Fahr.; and the fact that the air and gas points lie 
closely about the same curve shows that the value taken 
for » was applicable to the gas used, which was a coal-gas 
mixture containing about 30 p.ct. of carburetted water gas. 
This question has already been referred to under the 
heading of viscosity 

On fig. 5 is shown the upper limit BC of the points 
corresponding with the author’s experiments on gas barrel 
of }in. to 2 in. nominal diameter. The point A corresponds 
with the points of intersection of the streamline and turbu- 
lent flow lines in fig. 2; and the line AB corresponds 
with turbulent flow lines above and near those points of 
intersection. The reason for bridging the gap between A 
and B was given when dealing with the resistance of 
bends. 

On fig. 6 are indicated points corresponding with a 
number of tests made by the author on mains varying in 
diameter from 4 in. to 48 in. The results of the tests on 
4in. and 6 in. steel mains (made up of pipes about 25 ft. 
long with long-sleeve spigot and socket joints) are of par- 
f WvD 

” 
tests was considerable. It will be noted that the points lie 
about a curve similar in form but a little below Dr. Stanton’s 
curve, which suggests that the pipes were proportionately 
smoother than the brass pipes used by Dr. Stanton. The 
points corresponding with the results of two tests on a 4 in. 
steel main given by Mr. H. L. Rice, of Aurora, U.S.A.,* 
agree remarkably well with the author’s figures. 

It will be seen that all the values of ¢ obtained from tests 
on cast-iron pipes lie well above Dr. Stanton’s curve, which 
shows that the surfaces are proportionately rougher than 
those of steel pipes. 

As an indication of the effect of roughness of surface 
upon the coefficient of friction at relatively high values of 
WvD 


” 

24 in. main which was found to be coated internally with 
crystalline naphthalene. The main had only been in action 
for a few weeks, and the thickness of naphthalene was not 
sufficient to reduce substantially the diameter of the pipe. 
The high resistance was therefore almost entirely accounted 
for by the character of the surface. It will be noticed that 
in this particular instance ¢ had a value of the order of 
0009, with the result that the loss of pressure was nearly 
— what might have been expected had the main been 
clean. 

Some particulars of the above-mentioned tests are given 
in the following table. Mr. Rice’s tests were made with 
gas of sp.gr.o°6. The remaining tests, by the author, were 
made with gas of sp. gr. about 0°52. In the calculation of 


Wer (equation 16) » in all cases has been taken as 





for gas, » was taken as 0°000136 





ticular interest, because the range o covered by the 





’ there are shown on fig. 6 points relating to a 





0°000136. ¢ has been calculated from equation (2) for low- 





* Walter Hole, ‘‘ The Distribution of Gas,"’ Fourth Edition, p. 33. 





pressure, and from equation (4) for high-pressure conditions. 
When calculating the values of { no addition has been made 
to the length of the main to allow for the increased resis- 
tance introduced by bends. If such an allowance were made, 
the values of ¢ would be somewhat lower than those in the 
table. For instance, if in the case of the 24 in. cast-iron 
main 7840 ft. long the added resistance thrown by the bends 
were assumed to be equivalent to 784 ft. of straight pipe 
(10 p.ct. of actual length), the coefficient of friction ¢ for the 
same 24 in. main without bends would be ro p.ct. less than 
that given in the table—(say) 0°0054 instead of o-oo60. 

On fig. 7 are shown (a) the value of ¢ im Pole’s for- 
mula, 0°0065, and (6) the values of ¢ calculated from Unwin’s 
formula, equation (3) for pipes varying in diameter from 





3 in, to 48 in. and at values of WePD corresponding with a 


loss of pressure of 0°4 in. per 1000 ft. (about 2 in. per mile). 
If the data on fig. 6 can be accepted as a criterion, it 
would appear that Unwin’s formula for § gives values rather 
too low for cast-iron mains under actual working conditions. 
For predicting the rate of flow under low-pressure condi- 
tions in cast-iron mains of (say) 8 in. to 24 in. in diameter, 
Pole’s formula is as satisfactory as any. For mains of 
smaller diameters than 8 in., higher values of ¢ than 0°0065 
are likely to be appropriate unless the velocity of flow is 
higher than is usual in low-pressure distribution. 

The effect of the velocity of flow upon ¢ can be well 
illustrated by reference to tests on 4 in. steel mains fig. 6. 
In one of Mr. Rice’s tests the discharge was 22,860 c.ft. 
per hour, and the corresponding value of was 0'00343. In 
one of the author’s tests, when the discharge was 2050 c.ft. 
per hour, the corresponding value of ¢ was 0°0083. 

The above considerations show that it is impracticable 
to devise a formula that can be used for the determination 
of ¢ in the high-pressure formula, equation (4). It would 
appear that the only satisfactory method of evaluating ‘for 


high-pressure work is first to calculate the value of == 





for the particular rate of flow and diameter of main, and 
then to select a value of ¢ by reference to a diagram (such 
as fig. 6) on which have been recorded the correspond- 


ing values of 





and ¢ for a main similar as regards 


roughness of surface to the one in question. 
WD 





The following equation enables = be calculated for 
any particular conditions: 
WuD Wied _ o sQ. 
Sa 0°00481 ey 6 oh oe, tn (16) 
when S = 0'5 and 7 = 0°000136 
WeD .. 1772 ope sa 





n d 


High-pressure gas distribution problems can generally 
be stated in the following form. Given Q,L,S,y and £,, 
what will be the initial pressure required with a particular 
diameter of main? In such cases it is convenient to have 
the means of making rapid determinations of the pressure 
corresponding to different diameters of main ; and with this 
end in view, the diagrams accompanying and described in 
Appendix 5 have been prepared. 

In conclusion, the author wishes to acknowledge his 
indebtedness to those whose work has been referred to in 
the course of the paper and to his assistant, Mr. H. J. 
Escreet. His thanks are also due to the Governor and 
Directors of the Gas Light and Coke Company for the 
opportunities afforded him of carrying out the experiments. 


















































Bends, 
Points 
‘ Length Loss of Pressure Velocity (Feet wed ¢ 
_— Main. (Feet). (Inches of Water). | per Second). —s slalala 
rO) g4in.steel . . . . 13,200 8 to 150 6 to 40 8,760 to 58,400 0°0083 t00'005 2 | 5 I 
+ Bake sith 6 0 13,200 5'5 to16 8 to31 17,500 to 68,000 0°0059 too 0039 I 9 |, 12 7 
. . A me 
“2 14in.castiron. . . 2,700 1'6to 4°o 14°§ to 23°25 | 79,500 to 127,500 0'00635 too'00713| 1 | 4 I 2 
¢ Win. 1 1 2 + 4,890 | -o'gto 2°1 8°8 to 14 62,000 to 99,000 0°0063 too'00715 | 1 3 2 
5 2410, yy pe ee 7:840 | 2°'o0to 3°5 13°0 to17°5 | 121,000 to 163,000 0°0063 t0.0'0057 3 2 5 8 
® 48in, 4 ye + 9,160 | 5°9 33°82 592,000 0°0047 8 
® 24in. ,, 4, coated | 
with naphthalene . 3.540 | 2°5 to28‘0 18'0 to 63°0 | 165,000 to 580,000 0'009 t00'0082 8 
—_— | —— 
a 4in. steel . . . «| 120,000 | 34 Ibs.persq.in. | 51°5 87,000 0°0039 16 long-sweep bends, 
WwW {her, H.L. Rice . + | 120,000 | 48°5,, 4», ws | 72°6 122,000 0° 00343 } and 4 é-bends. 
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APPENDIX 1. 
DEVELOPMENT OF THE Low-PrEessurE GAS FoRMUL& 
FROM THE CHEzy FORMULA. 


From the general form of the Chezy formula 
;@__D. Pi-P, 





ee eer ee ae a de (1) 
the following expression in special gas units is derived 
h=o1433¢WL“la . . . , . » + (1a) 


and taking 0'0760 to be the weight per c.ft. of 70 p.ct. moist air 
at 60° Fahr. and at 30 in. of mercury 


Swommmppernu : Sk ee 
from which is obtained 
Q = 188 4/ ee We lee Se 6 ERE Be eo 


— formula obtained by substituting ¢ = 00065 in equation 
(2) is 
ha 
2=1350V SL 


where L is in yards instead of feet. 


In equations (12), (1b), and (2), which may be called low-pressure 
gas formule, / the loss of pressure in inches of water represents 
friction loss only. If the two ends of the pipe are at different 
altitudes, it is necessary to make a correction on that account as 
follows : 

Difference of altitude between ends of 
main corresponding with 1 in. of water | 
ee ee ee 


r 0 52 
0°0760 (1 —S) 


The following table gives the correction for particular values 
of S: 



































| ; = 
Specific Gravity of Gas. 0°46 | 0°48 | o*50 | 0°52 | 0°54 | 0°56 | 0°58 | o'60 
Difference of altitude corre- | | 
sponding with 1 in. water | 
pressure. . . 127 | 132 | 137 | 143 | 149 | 156 | 163 | 171 
APPENDIX 2. 


The author’s tests on gas barrel (see page 121) were made on 
pipes of 4, , 4, 3, 1, 13, 14, and 2 in. nominal internal diameter, 
ordinary gas barrel being used. Lengths of about 40 ft. of each 
size were connected in parallel, with common inlet and outlet 
pipes, a cock being placed at the inlet end of each length, so 
that flow could be made to take place in whichever size of pipe 
was under test. Each 40 ft. length of pipe was made up of about 
eight pieces. 

The actual internal diameters were measured by calipering 
each end of each piece of pipe in two directions, approximately 
at right angles. The mean of all the readings for each size of 
pipe was taken. As a check, each 4o ft. length of pipe was filled 
with water, and the water drained out and weighed. The mean 
diameter was then calculated from the volume of water. The 
results of the two methods were in close agreement. 

Connections for observing the pressure drop in the pipe were 
made on each length at approximately 33 ft. apart; and an addi- 
tional connection was made at the middle of the length, which 
was used for observing the mean pressure in the pipe. 

The pressure pipes were 4 in. barrel, and were connected by 
screwing a socket on the upstream side of the joint and running 
it back so that its centre was about rin. from the joint. A hole 
was drilled and tapped ( in. gas) through both socket and pipe, 
and the pressure pipe screwed into this; care being taken that 
there was no roughness on the inside of the pipe. 

This method was adopted for sizes from 2in. to Zin. For: the 
4in., a tee was run back on the pipe in a similar way to the 
socket on larger sizes, and a +;-in. hole drilled through the pipe, 
through the outlet of the tee. The pressure pipe was then 
connected to the tee. In the case of the jin. and }in., tees with 
din. outlets were used; but, in subsequent experiments on bends, 
the method adopted was similar to that used on }in. 

The difference of pressure between the two points on each 
pipe was read by a curved-tube manometer with which readings, 
accurate within 2 or 3 thousandths of an inch, could be obtained. 
The manometer was arranged so that connections could be made 
by rubber tubing to any of the pressure points on the pipes. 

For flows less than 120 c.ft. per hour, the flow was measured 
by a 2o-lt. test meter, reading to o'o1 c.ft. Readings were made 
by timing from o'os5 to 1 c.ft. with a stop watch; and the time of 
reading was not less than 30 secs. Above 120 c.ft. per hour, the 
flow was measured with a 1} in. orifice meter (Messrs. G. Kent & 
Co.’s Y type); the difference of head across the orifice being 
measured by a second curved-tube manometer. The orifice 
meter was checked against the test meter, and found to be within 
3 p.ct. of it. The meters were placed at the inlet to the pipes 
under test. 

The experiments were carried out on air; changes in density, 
other than those due to pressure and temperature, being thereby 
avoided. The air was pumped intoa receiver and thence through 
about 150 ft. of 1 in. tubing to the inlet of the meter. A steady 


flow was thus obtained. The quantity flowing was controlled by 
a screw-down cock on the inlet side of the meter. 

Thermometers were placed: (1) On the receiver, (2) at the inlet 
of the meter, (3) on the outlet of the pipes, in order to detect any 
cooling between the receiver and outlet. This difference did not 
exceed 20° Fahr.; and between the inlet and outlet of the pipes 
there was only a drop of one or two degrees. 

The pressure was taken: (1) At inlet of meter, and (2) at mid- 
length of pipe. The discharge was to the atmosphere through a 
short length of pipe. The barometer reading was taken during 
the experiments. The readings of flow were corrected to actual 
velocity under conditions in the pipe; the temperature and pres- 
sure at the inlet to the meter being required for this correction. 


TESTS IN BENDs 
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The density of the air was corrected for temperature at the inlet 
to the pipe, and pressure at mid-length of the pipe. 

At high velocities it was necessary, owing to the manometer 
range being only 4 in., to use only half-lengths of pipe; and.in 
this case the mid-length pressure was estimated from the inlet 
pressure, 

In the tests on bends and tees, the same pieces of barrel were 
used as in the tests on straight pipe; eight bends or tees being 
inserted, so that the pipe formed a double rectangle of about 4 ft. 
side. Connections for pressure pipes were made as before; and 
the flow and loss of head were measured in the same way as in the 
straight-pipe tests. 





APPENDIX 3. 


war AND ¢ IN THE Low-PREsSURE FORMULA. 
Uv 


The general form of the Chezy formula as applied to pipes— 
}=e Sie. 5 | () 
a ae Soe eh Cece ak See 
can be written 
e(Pi— Pah 
mDL 


ag ywue 


g(P,—Py™ >”), _ frictional force (absolute units) _ R 














Zi. per unit area of surface of pipe 
Rh ee 
; 4Wv? 

a AND ¢ IN THE HIGH-PRESSURE FORMULA. 


From the general law of surface friction between fluid and 
solids— 


R = wes (22) nan ve ee oe 2 « of (x5) 


the formula giving discharge, Q, for compressible fluids flowing 
in pipes can be developed as follows : 


P, 1 P, 

Oo P,v,W 
pressure, velocity, 

and density at any cross- 





L = distance from beginning of pipe. 








section of the pipe. 
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With a steady flow in the pipe, the weight of fluid flowing 
per second must be constant. Wv is proportional to weight 


persecond. Therefore we is constant at all cross-sections of 


the pipe. 

Therefore aS is constant at all cross-sections of the pipe 
(see equation 15). 

At any cross-section of the pipe where pressure = P, velocity 
= v, and density of fluid = W. 


2 
Ra Seg tal: Wo = Wats = Pa nea Me 








and vy = Pa . Q * 
P wD? 


36co——. 
4 











substituting ee ae for C 


R a 9 
wa © = PaP sao; 347 x I 


Neglecting the increase in the kinetic energy of the gas due to 
increase in velocity, assuming the temperature to remain constant 
at 60° Fahr. throughout the pipe, and substituting d (diameter in 
inches for D (diameter in feet), 


R Oo Pi a 
Wr aL = PdP Pagis7 15> x 1oé 
L Ps 


By integrating the above expression the following is obtained: 
R P?-Pe @ 


baie pt SRE ee ON 2 
yw Pa * Osi (2675) 


L Lenght of ran (infeet) 
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A comparison of this with the paar gvenene formula developed 
from the Chezy hydraulic formula—viz., 


Q = 2675 V & EP 4 


R 
h in th = 
shows that {in this formula jw 





» (4) 





APPENDIX 4. 


WvD 


EQUATION RELATING $ AND UNDER STREAMLINE 





ConDITIONS OF FLow. 


The general form of the Chezy formula as applied to flow in 
pipes is 


” D P,-P, 
Se = 4L “ww BUS 1 BHigl te Seles 69 "Se “@ . (r) 
The general streamline formula in C.G.S. units is 
_ (P,—P,)gD? 
v= — ga9l . a: vel te-le * @>*o@ere (9) 
Substituting for P,; — Ps in (2) the value obtained from (1), 


WvD 
n 


the equation ¢ = 16 is obtained. 











APPENDIX 5. 
GRAPHICAL DETERMINATION OF INITIAL 
GavuGE Pressure (f;—15) INMAIN FROM @ . pp—pe 
Equation (4) . . 2 «+ oe © « -Q = 2675 SL pe 


x Gin 

Patting A = 26754/* x 1o—* and B= af x m5 
p2—pe p32 p23 Q 

Then Q = ABA/ “73> and oe = AB 


Given To find 
Q, Ss, Ns d, L and ba (pr — 15) 


(a) Determination of appropriate value of ¢. 








Given Q, S,7,and d, WeD is found from diagram (1). The 
n 


diagram is constructed on the assumption that 7 = 0°000136 and 
S =0'5. Correction for variation in sp. gr. from o'5 is provided 
for in the diagram. No such provision is made for variations in 
n from standard, because such variations are not sufficient to affect 


materially the value of we ° 








found from diagram (1) is projected down- 


wards into diagram (2); and a value of ¢ is selected which is 
judged to be appropriate, having regard to the character of the 
internal surface of the main. Information such as is given in 
fig. 6 will form the basis of such a judgment; and Stanton’s 
curve is plotted on diagram (2) as a guide. 


The value of wep 


(6) Determination of A. 


Having determined the value of ¢ appropriate to the specified 
conditions of flow, A for the given diameter of main is found from 
diagram (2). 

(c) Determination of B. 


Starting with L (which may be the net length #/us an allowance 
for additional resistance introduced by bends, &c.), B for the given 
specific gravity is found from diagram (3). 


(d) Value of 4 pteite 


calculated from . 


: pp—pe _ Q 
equation v/ a - 
(ec) Determination of (p- 15). 


Finally starting with ft, (f:—15) is found from diagram (4). 
a 


Example (indicated by dotted lines on diagrams). 
Q = 100,000 c.ft. hour 
S =0'6 ‘lt 
n = 0'000136 
d = Gin. (steel main) 
L = 100,000 (about 20 miles) 
Pa = atmospheric pressure = /, 


Given To find = gauge pres- 


sure (/;~15) 


“ee from diagram (1) found to be 350,000. 


Corresponding value of ¢ judged to be 00036 (diagram 2). 
A from diagram (2) = 40. 
B from diagram (3) = 400. 


t’-p? ___ Q _ 100,000 _ ¢. 
Jt ~ "AB" 40 x 400 or. 


Initial gauge pressure from diagram (4) = 80 lbs. per sq. in, 


A PRECIS OF THE PAPER 
Prepared by the Author, and read at the Meeting. 


The flow of gas in pipes is not a subject which can well be ex- 

unded or discu at a meeting of this kind; but it may per- 
aps be helpful to those interested in the paper if I introduce it 
by trying to give some idea of what I have attempted to do. 
The first point I wish to make is that the flow of gas in pipes 
is only a particular branch of the more general subject of the flow 
of fluid in pipes. When this is borne in mind, and when it is re- 
called that water was carried in pipes long before coal gas was 
discovered, it is understandable why gas formule should have 
been adapted from hydraulic formulz. 

The fundamental hydraulic formula associated with the name 

of Chezy, a French engineer of the Eighteenth Century, is based 
on these assumptions : 


(1) That the flow is independent of the pressure in the pipe. 
(2) That the loss of pressure is proportional to: 
(a) The area of the wetted surface—i.c., the length mul- 
tiplied by the perimeter of the pipe. 
(6) The density of the fluid. 
(c) The square of the velocity. 


There is also in this formula a factor, the coefficient of friction 
which is designated by the Greek letter ¢ (zeta). The whole 
difficulty in applying the Chezy formula to actual problems lies 
in the fact that this coefficient of friction varies to some extent 
with the diameter of the pipe; and also, it will be found, with the 
density, velocity of flow, and viscosity of the fluid. 

In 1852, Dr. Pole adopted this formula for the prediction of the 
flow of gas in pipes, altering the units to suit the gas engineer, 
and selecting a fixed value of the coefficient of friction which was 
the mean obtained from a very limited number of experiments. 
Pole’s formula was primarily designed for proportioning mains 
in low-pressure distribution systems; and it has well answered 
this purpose to the present day. But the formula can only be 
applied to flow in mains where the change of gas density between 
the ends of the main is inconsiderable ; and, therefore, when gas 
came to be distributed at relatively high pressures, it was found 
necessary to develop a formula which would apply to these more 
complex conditions. 

In 1904, the then President of the Institution (Mr. H. E. Jones) 
requested Dr. Unwin to deal with this subject; and the paper 
which Dr. Unwin prepared remains to this day the most important 
contribution to the theoretical aspect of the flow of gas in pipes. 
Just as the low-pressure gas formula (equation 2) came from 
hydraulics, so the fundamental high-pressure formula (equation 4) 
was originally developed by Dr. Unwin for use in year naa con- 
nected with the flow of compressed air in pipes. The formula is 
deduced logically from the Chezy formula (equation 1), and it 
contains the same coefficient of friction. 

Dr. Unwin pointed out that the experimental data then avail- 
able was not sufficient to enable the coefficient of friction to be 
accurately determined for different conditions of flow; but he 
drew attention to the known fact that the coefficient varied with 
the diameter of the pipe, and suggested a provisional formula which 
gives values of the coefficient of friction ranging from 0’0082 for 
a 2-in. main to 00045 for a 48-in. main. Pole’s formula is based 
on a fixed value of the coefficient—namely, 00065. 

I have briefly described the state of knowledge of the theoretical 
aspect of the flow of gas in pipes as Dr. Unwin left it in 1904. 
Since then those who have had opportunities of comparing actual 
measured flows with those obtained by the use of the low-pres- 
sure and high-pressure formule have found that there are two 
sets of problems occurring in gas distribution, the theoretical 
treatment of which requires further consideration. 

On the one hand, there is flow at relatively low velocities in 
small pipes, a condition of flow that obtains to some extent in 
house piping. Here the loss of pressure is directly proportional 
to the discharge ; and, therefore, no formule constructed on the 
assumption that the loss of pressure is proportional to the square 
of the discharge can properly be used. On the other hand, there 
is flow at relatively high velocities such as obtains in high-pres- 
sure gas distribution. Here it is found that, if the coefficient of 
friction as obtained from Dr. Unwin’s provisional formule is 
used in the high-pressure formule, the measured discharge 
substantially exceeds that obtained by calculation. The main . 
object of my paper is to throw fresh light upon these two extreme 
conditions. e diagram illustrating the two characteristic types 
of motion of fluids flowing in pipes is a natural starting point of 
the investigation. At relatively low velocities, the flow is stream- 
line in character, and the loss of pressure is directly proportional 
to the velocity. At on ne velocities, the flow 1s eddying or 
turbulent, and the loss of pressure is approximately proportional 
to the square of the velocity. The velocity at which the character 
of the flow changes from one type to the other is called the 
critical velocity. 

In the paper I have proceeded to explain how the critical 
velocity varies directly with the viscosity of the fiuid, and in- 
versely with its density and the diameter of the pipe. The critical 
velocities and corresponding discharges in cubic feet per hour 
for pipes of ¢ to 1 in. bore have been given for water, air, and 
town gas. 

Time compels me to assume that my audience is conversant 
with the notion of viscosity; but I ought to repeat what I have 





said in the paper—that its significance must be recognized before 
the subsequent theoretical treatment of the flow of gas in pipes 
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can be understood. The Greek letter » (eta) has been used in the 
paper to represent the viscosity of a fiuid. 

I have given equations for, streamline flow—i.c., flow at veloci- 
ties below the critical velocities; and I have pointed out that the 
discharge is then independent of the degree of roughness of the 
surface of the pipe. It is for this reason, that at velocities below 
the critical velocity, measured discharges invariably agree with 
those obtained by calculation. There is a description of the 
method of plotting Wp seca te results on paper ruled to a 
logarithmic scale, and a brief reference to experiments made 
with small pipes, which are described in greater detail in Appen- 
dix 2. The results of these experiments will be found graphed on 
fig,2. The diagram gives the relation between the discharge in 
cubic feet per hour and the loss of pressure in inches of water per 
100 ft. of straight pipe. Logarithmic scales have been adopted 
for the discharge and loss of pressure because this device has the 
advantage of enabling all discharges from 1 to 1000 c.ft. per hour 
to ‘be shown on one diagram, while retaining a reasonably open 
scale for the smaller quantities, and also enables the relation 
between discharge and loss of pressure to be represented by 
straight lines above, as well as below, the critical velocities. I 
hope that ths diagram, in combination with the information given 
about the adiditional resistance resulting from the introduction of 
bends and other fittings, will be of practical value to those re- 
sponsible for proportioning house piping. So much for flow 
below the critical velocity. 

It will be recalled that the other problem which I have set-out 
to:solve is the determination of the value of the coefficient of fric- 
tion, ¢, which should be used in the high-pressure formula when 
this formula is applied to high velocities of flow. In seeking a 
solution, I have been led to treat the problem from a more funda- 
mental standpoint than I originally intended ; and it may well be 
thought that I have made more fuss about it than is necessary. 
But I am not:inclined to offer apologies for going back to first 
principles, because the method throws light upon the whole sub- 
ject of flow in pipes, as well as solving the particular problem with 
which we are immediately concerned. 

As far as the evaluation of the coefficient of friction, §, is con- 
cerned, the fact of first importance brought-out in the latter part 
of the paper is that ¢ is a function of an expression which, in 
words, is the product of the density of the fluid, the velocity of 
flow, and the diameter of the pipe, divided by the viscosity of the 


fluid. This is the expression wep, which occurs frequently 
throughout the paper. 
The importance of the fact that ¢is a function of WeD ies in 


n 

this—Suppose that, for a particular pipe and a particular fluid, 
the relation between the loss of pressure and discharge be deter- 
mined for a given range, and that the corresponding value of ¢ and 


Wep be calculated and plotted graphically, as shown in the 


n 
diagrams. Suppose that it be required to determine the loss of 
pressure, corresponding with a specified discharge, of another fluid 
flowing in a pipe similar as regards roughness of surface to the 
original pipe, but of another diameter. By the aid of the curve 
plotted from the original experiment, it will be possible to deter- 
mine the correct value of the coefficient of friction to be used in 
the fundamental formula, provided the density and viscosity of 


the fluid are known, and provided the value of wep for the par- 








ticular conditions of flow lies within the range covered by the 
original experiment. 


In fig. 3 will be found the relation between { and Wed 


n 
determined by Dr. Stanton, of the National Physical Laboratory, 
for commercially-smooth drawn brass pipes. It will be noted 
that, at values of WeD below about 2500, the flow is streamline 
(the sudden rise in the dotted carves corresponds with the change 
from streamline to turbulent flow), and also that, after turbulent 


flow has been established at a value of wee equal to about 3000, 
WvD 








the value of ¢ diminishes as 





increases, which means that, 


” 
* in respect of a particular fluid, the value of ; diminishes as the 
product of the velocity of flow and the diameter of the pipe in- 
crease, 

Reference to fig. 6 illustrates the bearing of this upon the ques- 
tion of the determination of the value of the coefficient of fric- 
tion appropriate to any specified conditions of flow. The points 
marked “ 4-in. and 6-in. steel” refer to actual experiments ; and it 
will be observed that, as the velocity increases, the value of the 
coefficient of friction falls from about 0'008 to below o'004. 

Those who have at their disposal trustworthy experimental 
data will find it interesting and useful to calculate the value of 


D 
we for the particular conditions of flow from equation (16), and 


the corresponding value of ¢ from equations (2) or (4), using the 
latter if the change in density in the pipe is considerable. These 
two values will give a point on fig. 6 ; and the position of this point 
in relation to Dr. Stanton’s curve will be an indication of the 
degree of roughness of the surface of the pipe. 

As an example of this method of dealing with experimental 





data, reference may be made to the points on fig. 6 in respect of 
a 24-in. main coated ‘with crystalline naphthalene. The position 
of these points shows v clearly the extent to which the 
character of the surface of the pipe affects the coefficient of 
friction at relatively high velocities. 

The diagrams accompanying Appendix 5 have been designed 
to enable the initial pressure in a main to be quickly determined, 
given the rate of flow, the diameter of the pipe, the specific 
gravity of the gas, the length of the main, and the final pressure 
in the main. 

Discussion. 


The PrEsIDENT: I am sure you will all agree with me that the 
paper which Mr. Lacey has given to us this morning is a very 
valuable addition to our “ Transactions.” It is a paper rather for 


study, I think, than comment. The value of this work is becom- 
ing increasingly evident with the general advance of the gas in- 
dustry; and Mr. Lacey has made a notable contribution towards 
the solution of the problems arising in connection with our dis- 
tribution systems. Prof. Cobb has very kindly forwarded a written 
communication on this subject; and before asking you to discuss 
the paper, the Secretary will read Prof. Cobb’s comments. 

Prof. Coss wrote: In the spring of this year, Mr. Lacey gave 
a most interesting course of lectures in the University of Leeds 
on * The Principles of Gas Distribution ;” and I was very pleased 
to hear from him that he was proposing to deal with one portion 
of the subject—that relating to the flow of gas in pipes—before 
the Institution of Gas Engineers at their annual meeting. The 
adequate treatment of this subject in technical literature has been 
wanting ; and I am certain that this contribution from Mr. Lacey 
will receive a very warm welcome. He has not only dealt with 
the principles governing the deliveries of mains under specified 
conditions, and the formule for delivery deduced from them, but 
has been alive to the difficulties which compass theoretical treat- 
ment, and has checked the results by experience and observations 
which he has been ina singularly favourable position to make, 
as the Chief Distributing Engineer for a large and complicated 
system. This will create in gas engineers confidence in the use 
of formule or methods which receive Mr. Lacey’s endorsement, 
and more than any other factor will enhance the value of the 
paper in the minds of those who have to deal with distribution 
problems on any scale. 


Mr. B. R. Parxinson:.I have read this paper with very 
great interest. It appears to me to be a monumental work 
condensed into an extraordinarily small space, and, consider- 
ing the compression, is remarkably clear-in its reading. I think 


we have in-Mr. Lacey one who has an unique opportunity for 
research of this kind. He is not only possessed of a sound theore- 
tical equipment, but he has the facilities offered by his work 
with the largest gas distribution department in the world for 
carrying out his experiments. I have had the privilege of inspect- 
ing the equipment shown in Plate 3, to which I would again draw 
your attention. It is of great interest, as showing the method of 
setting-out the pipes when the experiments were made. There 
are not many of us who would care to cross swords with Mr. Lacey 
over the mathematics of this paper; and it might seem somewhat 
superfluous to suggest to engineers who know Mr. Lacey that his 
work is sound and accurate. But I say that advisedly, with an 
appeal tq the Press that in future times, when they might copy 
from one publication to another any of these formule, they should 
be very careful to see that they are copied correctly. I have had 
bitter experience of quite well-known gas publications where 
formulz have been copied from one edition to another, with 
very sad errors, making them quite useless for calculation. I 
was tempted to check the one example given in the paper, against 
my own high-pressure tables, which are based on a much simpler 
formula, which, for instance, does not take into account vis- 
cosity; and I find my results are about 20 p.ct. lower than those 
given here. This is on the safe side, and intentionally the 
tables were compiled with a margin of safety; but I would 
like to take this opportunity of asking Mr. Lacey if he will 
tell us what allowance he would make in using his own tables 
given in the paper for calculating the flow in pipes in prac- 
tice, because I take it that these results are theoretically correct, 
and naturally some allowance must be made in practice. I 
would also like to ask another question. Mr. Lacey mentioned 
that in small pipes used for house piping there is a relatively low 
velocity of the flow of gas, streamline velocity, below the critical 
line. One would think that there is very frequently more pres- 
sure lost in house piping than in mains and services. Certainly 
that is so in the experience of some gas companies, where the 
houses have been piped inadequately. I do not know whether it 
is asking too much to suggest that Mr. Lacey should give us an 
explanation in a few words as to where his work breaks away 
from that which has been done before—such as that by Dr. 
Unwin. Whether it is in that expression on which he lays so much 


stress — viz, W?P__ana whether it is in setting out the critical 


” 
velocity in the charts ; this being of great interest. Perhaps Mr. 
Lacey will mention that he has a letter from Prof. Unwin, who, 
having read the paper, acknowledges the advance made by Mr. 
Lacey on his own work. 

The PresipenT: I think Mr. Lacey would like to answer Mr, 
Parkinson at once. 
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Mr. Lacry: I think I would like to answer Mr. Parkinson’s 
questions now, while I still have them in mind. First-of all, Mr. 
Parkinson says he uses a table of his own and gets a result 20 p.ct. 
below the example given by me. That is because he takes a 


coefficient of friction identical with that given by Dr. Unwin, or 
Pole. This is the explanation as to why his result is lower. Then 
he asks what allowance I would make in practice. It is a difficult 
matter to say. It will depend on the condition in ten or twenty 
years’ time of the mains you are now laying. In the case of 
a steel main, for instance, if it were to remain clean, I do not 
think it would be necessary to make any allowance at all. If, 
on the other hand, it were subject to corrosion, it might be neces- 
sary, instead of having a coefficient of friction of o'004, at high 
velocity if the main were clean, to have a coefficient of o'006. 
If you reached the value o'006, you would accept Mr. Parkin- 
son’s figure for the particular case considered. The points on the 
diagrams which I have shown are taken from actual mains which 
had been in operation for some time. The 4-in. steel main has 
been in for the last four or five years, and the coefficient of fric- 
tion is still more or less in accordance with that of Stanton’s 
curve. Then, again, as far as allowance in practice is concerned 
in house pipes, it is necessary to make no allowance in service 
pipes on the figures I have given. As I explained, below the 
critical velocity, the roughness of the pipe, provided it does not 
decrease the diameter, does not reduce the discharge. I am not 
quite clear what Mr. Parkinson means when he says he would 
hardly expect the flow in small pipes to be below the critical velocity. 
If you look at the table on page 8 [see p. 121 of * JouRNAL ”], you 
will see that I have given the actual critical velocities with town 
gas, and that with an internal diameter of } in. with ordinary town 
gas, you will get a velocity of over 25 ft. per second before the critical 
velocity is reached. Therefore, the flow must, in fact, be stream- 
line. Mr. Parkinson inquired as to where my work departed from 
Unwin’s? Well, Unwin did not touch the flow of gas in small pipes 
below the critical velocity. He was concerned only with the flow 
in mains. As far as high-pressure problems are concerned, my 
work enables the coefficient of friction to be accurately determined. 
Dr. Unwin gave a coefficient of friction depending on the diameter. 
I have pointed out that it also depends on velocity, and that the 
velocity may be of more importance than the diameter. The 


strange expression - 





is chiefly of interest, so far as this par- 


ticular paper is concerned, in that it enables this coefficient of 
friction to be determined. 


Mr. J. P. LEATHER (Burnley): I do not think that I have any 
criticism to make; but I would like to say that, having read the 
paper thoroughly, I think our thanks are due to Mr. Lacey for 
introducing this subject in such an excellent form, and bringing 


us up to date on the question of the coefficient of friction in 
pipes. We have been working for a great number of years on 
what are empirical formule; but we are now presented with 
something which is based not only on theory, but also on 
practice, and that is the right thing, when we can bring the two 
into proper conjunction with one another. I feel we ought to 
express our gratitude to Mr. Lacey for bringing forward this 
paper, which will certainly be one to which we shall refer in the 
“ Transactions” for years to come. When Prof. Unwin gave his 
paper before the Institution some years ago—the date is men- 
tioned in the paper—it stimulated my interest very much in the 
question of the flow of gas in pipes ; and I planned a series of 
experiments very much on the lines of those Mr. Lacey has 
carried out. But we propose things sometimes, and are not 
always able to carry them out in the way Mr. Lacey has been 
in the position to do. I only got so faras to collect a proportion 
of the apparatus together and buy some pipes for the purpose of 
the experiments, which, however, were never made. Therefore it 
is of very great interest to me to have a paper of this nature. 


The PresiDENT: Would you like to say anything, Mr. Holmes 
Hunt? ‘ 

Mr. P. C. Hotmes Hunt (Melbourne): I am afraid I am un- 
able to make any observations, beyond saying that I have been 
extremely interested, and shall later on make a close study of the 
matter in connection with the high-pressure work that is going on 
in various parts of the world. I would also like, in addition to 
thanking Mr. Lacey for what Mr. Parkinson has referred to as a 
monumental work on the subject, also to thank you, Sir, very 
sincerely for the kind welcome you gave me yesterday. 

Mr. A. E. Broapserry (Buckhurst Hill): It would certainly be 
presumption on my part to try to discuss in any sort of detail the 
important paper which Mr. Lacey has laid before us. At the 
same time, I feel it would be to some extent disappointing to Mr. 
Lacey, after all the trouble he has taken in preparing this paper 
—master of the subject though he be—if we did not testify the 
admiration we have for the important work he has done, not only 
for the Institution, but for the industry generally. We are very 
fortunate in having as a member of our Institution someone in Mr. 
Lacey’s position, who is able to devote so much care and atten- 
tion to this highly technical subject. Some of us, in the course of 
our work, have a great many other things to deal with and think 
about besides flow in the pipes; and we have in the past—in the 
old days—blindly followed Pole’s law, often to our most utter 


‘will ever be done. 





Confusion in}the results which have come from our placing too 
much faith in it. Therefore, with a paper like this, which will 
become a standard reference for us in the future, we shall be 
saved a great deal of the trouble that has resulted from our lack 
of knowledge of this very important subject in the past. For 
these reasons, I wish to say that we feel very grateful to Mr. 
Lacey for having prepared the paper; and if there is not very 
great discussion on it, he must not feel that this is from lack of 
interest in the subject, but from the colossal way in which he has 
dealt with it, which has absolutely staggered some of us. We 
shall have to think about it a long time before we are able to 
discuss it. 

Mr. F. H. Rosinson (Harrogate): I think the Institution are 
indebted to Mr. Lacey for the immense amount of work he must 
have put into this paper, which is a very difficult one to discuss, 
unless one has made some experiments. There are, however, one 
or two matters to which I should like to refer. I have a feel- 
ing that these formulz are really very cumbersome, and it is easy 
to make mistakes with them; and from this point of view I think 


we ought to be thankful to Mr. Lacey that he has put them in 
the form of a diagram, which reduces the calculations consider- 
ably. I would, however, like to express the opinion that even now 
the formule should be put in a:simpler form, and get back more 
to. the Chezy or D’Arcy formule. You first of all calculate the 


velocity with the formula—velocity=C RS, where C is a constant 


based on experiments, R is hydraulic radius ~— Pa ) 
head 


‘ h is- 
eet ) Then, the dis 


charge = area-X velocity. Thus you take into account the surface 
friction in the interior of the pipe, and the head and length in order 
to calculate the area, and so get the discharge from the pipe. My 
own opinion is that, if the whole of the factors are put into one 
formula, there is great danger of making serious errors; and the 
simpler you get the expression, the better itis. As regards the cal- 
culation of the coefficient of friction, I donot think Mr. Lacey or any- 
body else will ever be able to calculate the exact coefficient as ap- 
plied to gas. There are too many variables; and I do not think it 
For example, there are about six formule for 
calculating the discharge of a pipe, but there are over seventeen 
formule for calculating the discharge from streams, where there are 
so many variables ; and I think that if an endeavour could be made 
to limit the flow of gas in pipes in the same way as water-works 
engineers do, to acertain velocity per lineal foot—they limit it to 
3 lineal feet per second—and if we could get something like a 
standard, we might be able to simplify our calculations. Calcu- 
lations for theoretical discharges are very interesting from the 
scientific point of view ; but how often do you meet the same con- 
ditions in practice? How often do you find a service-pipe laid 
without a joint? Yet every joint will alter the coefficient of 
friction. The same applies to mains. How often do you lay a 
length of main without joints, or without branches taken off it? 
Yet every branch, every bend, and every inclination or slope will 
alter the coefficient of friction. - Therefore, I think it is well-nigh 
impossible to get it accurately for gas; but, at the same time, I 
do not want Mr. Lacey to think that these remarks of mine are in 
any way finding fault with the work he has done. He ought to 
be given our very hearty thanks for the immense amount of im- 
provement he has brought about. 

Mr. Lacey: Mr. Robinson has mentioned seventeen formulz ; 
but although these look formidable—they are mostly American 
formulea—they can all be reduced to the same fundamental 
formula, which is the formula I have given. The formula which 
Mr. Robinson mentioned, the D'Arcy formula, is substantially 
the same as the Chezy formula; and the whole trouble there, 
again, is the determination of this coefficient of friction, which I 
have spent a good deal of energy in trying to evaluate. When 
he says the coefficient of friction cannot be calculated, I cannot 
agree. In fact, none of the coefficients of*friction which I have 
given is imaginary. They are taken from actual lengths of main. 
In the table opposite page 16 [see p. 126 of “ JournaL”] I have 
given the actual conditions in which these experiments were made ; 
and you will see that the 4-in. steel main was 13,000 ft. long. It is 
not a little piece of straight pipe which does not apply in practice. 
Itis actually a main in action. Thesame applies to all these other 
mains—the 4 in., 18 in.,24 in.,and 48in. They are all actual mains 
in the ground ; and the coefficients of friction I have given are the 
coefficients actually found. 


The PresipENT: If there is no further discussion, is there any 
other point you wish to clear up, Mr. Lacey? 

Mr. Lacey: There is only one thing, and that is in regard to 
fig. 6. Although you could estimate the coefficient of friction 
for any particular conditions from that, it might be useful if I 


were to give tables showing approximately the value of the co- 
efficient of friction for different diameters of pipes and velocities 
of flow, and for different degrees of roughness of surface of pipe. 
{Hear, hear.| If the members would care to have this informa- 
Con, I will put it into the paper before it is printed in the “ Trans- 
actions.” 








and S is the sine of the angle of slope ( 





The PresIDENT: Thank you very much. 
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THE MANUFACTURE OF BLUE WATER GAS. 
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SECTION I. 
INTRODUCTION AND SUMMARY OF RESULTS. 


The investigation described in the Sixth Report of the 
Gas Investigation Committee was carried out at the 
Adderley Street Works of the Birminghan Gas Depart- 
ment, with the object of determining the efficiency of 
production of blue water gas as ordinarily practised in a 
plant without waste-heat boiler. From thermal balances 
which were constructed, it was shown that, taking into 
account the steam required for the operation of the plant, 
the efficiency of gas production was 46 p.ct. The greatest 
individual loss of heat was due to the potential heat of the 
blow gas, which accounted for approximately 20 p.ct. of the 
total heat supplied. The average amount of heat lost as 
sensible heat in the water gas, blast products, and undecom- 
posed steam was 8'6 p.ct. of the heat supplied. It was 
pointed out in the Sixth Report that these heat losses, 
amounting to more than 28 p.ct., might be reduced con- 
siderably by the installation of a waste-heat boiler. From 
calculations which were made (on certain assumptions) of 
the heat available for use-in a waste-heat boiler, it was 
concluded that sufficient steam could be raised to supply 
the generator and turbo-blower, in which case the over-all 
thermal efficiency of gas production would be increased 
from 46 p.ct. to 56 p.ct. This conclusion was supported 
by the results given in the Seventh Report, which describes 
an investigation of the manufacture of carburetted water 
gas in a Humphreys and Glasgow plant with attached 
waste-heat boiler. It was shown that the efficiency of 
production of blue water gas in the generators of the carbu- 
retted gas plant, without taking into account the steam 
required or raised, was 53 p.ct. Taking into consideration 
the differences in the methods of operation, this figure of 
53 p.ct. is in agreement with the corresponding figure of 
56 p.ct. given in the Sixth Report. The amount of water 
evaporated in the waste-heat boilers was sufficient to 
supply the steam required for the generators, turbo-blower, 
and auxiliary plant under the conditions of the tests. 

It was pointed-out in the Sixth Report that an alterna- 
tive method of diminishing the loss of heat due to the po- 
tential heat of the blast gases in the manufacture of blue 
water gas might be to reduce the amount of carbon mon- 
oxide carried away up the stack, by changes in the method 
of operation of the plant, in so far as such changes could 
be made without prejudice to the efficient production of 
water gas during the run periods. 

In the process of manufacture of blue water gas by the 
Dellwik-Fleischer system, the method of operation is ar- 
ranged with the object of producing the minimum amount 
of carbon monoxide during the air-blow, thereby reducing 
the loss of heat due to the potential heat of the blow gases. 
The generator of the Dellwik-Fleischer plant is shorter 
and broader than that of the Humphreys and Glasgow 
plant. There is thus obtained a broad shallow bed of fuel, 
which, witha powerful air blast, is designed to promote the 
maximum formation of carbon dioxide during the blow 
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period. The results of complete tests, including thermal 
and chemical balances, of the manufacture of blue water 
gas according to the Dellwik-Fleischer system, do not 
appear to have been published. The results of trials during 
periods of only a few hours have been given by pre- 
vious investigators; but the probable errors in determining 
the amount of fuel consumed in a broad shallow generator 
are so large that the results of short-period trials cannot 
be accepted with confidence. It should, however, be men- 
tioned that the amounts of oxygen in the blow gases pro- 
duced in these trials lead to the conclusion that channel- 
ling in the fuel bed occurred, with the result that air passed 
through the generator without having been in contact 
with hot coke. In such case, it is probable that a certain 
amount of the carbon monoxide leaving the fuel bed 
afterwards combined with oxygen above the fuel to pro- 
duce carbon dioxide before the gases reached the position 
of sampling. 

In view of the incompleteness of previous work on the 
manufacture of blue water gas according to the principle 
of the Dellwik Fleischer process, it was believed that fur- 
ther investigation of this principle would yield results of 
considerable value. It was therefore decided to carry out 
experiments designed to ascertain whether, by reducing the 
depth of the fuel bed, the manufacture of blue water gas 
could be carried out more efficiently than according to the 
method of operation described in the Sixth Report. These 
experiments were made possible by the further generosity 
of the Birmingham Corporation Gas Department in 
placing the installation at their Adderley Street Works at 
the disposal of the Committee. 

In the first instance, preliminary trials of a few hours’ 
duration only were carried out in order to determine satis- 
factory cycles of operation of the plant with fuel beds of 
different depths from 2 ft. upwards. From the results of 
these preliminary experiments it was concluded that the 
minimum average depth of fuel at which the plant could 
be operated with any approach to uniformity was about 
4ft. It was also found that,:in general—provided channel- 
ling in the fuel bed did not occur—when the blow gas 
contained a large proportion of carbon dioxide, the water 
gas made also contained large quantities of this constituent. 

When suitable cycles had been selected for the operation 
of the plant at different depths of fuel from 4ft. to 6ft., 
measured trials were made, each over a period of approxi- 
mately forty-eight hours. Four complete tests were 
carried out at depths of 4 ft., 4°25 ft., 5 ft., and 6 ft. ; these 
tests, designated A, B, C, and D, together with those de- 
scribed in the Sixth Report, therefore constituting a series 
at average depths from 4 ft. to 7 ft. 

During tests A and B at the lowest fuel depths, it was 
necessary to exercise care in charging the generator, to 
prevent too great unevenness in the fuel bed and con- 
sequent channelling. Occasionally the levelling of the 


fuel bed was brought about by means of an iron £rod, 
which was also used to force-down clinker whichZhad hung 
up in different portions of the generator. These precautions 
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were more necessary at lower fuel depths, since, quite 
apart from the possibility of channelling, small deviations 
from the required depth of fuel appeared to have a more 
marked effect on the results than when the plant was 
operated at greater depths. It would thus appear that 
more care is required when making blue water gas with a 
shallow fuel bed, at any rate with the installation and fuel 
used in this investigation. 

The principal results of the four tests described in this 
report) and the averages of the corresponding figures 
obtained during the tests of the Sixth Report, are set out 
in the following table. 


Results of Complete Tests. 











Sixth 
TEST. A. B. | Cc. D Jean. 
Fuel depth in ft. . 3 wat 4 4°25 5 6 7 
Thermal efficiencies, p.ct.— 
Fuel for steam included sie ww A nee 37°72 46°0 48°6 46°3 
; not included .. + | §5°0 51°9 57'5 604 55°8 
Carbon dioxide in blow gas, p. kel face 13°0 162 m8 12°1 12°2 
Carbon monoxide ,, ,, 4% a) oe 62 150 13°8 12°8 
Ratio CO,/CO an 1°18 : ny 0'”79 0°88 : 95 
Carbon dioxide i in water gas, P.« ‘ct. 47 5°5 455 
Gas made per day, c.ft.... yiagu m+ 564,900 | 614,400 gas 200 








From these figures it may be seen that in Tests C and 
D and those of the Sixth Report, in which the over-all 
efficiencies of gas production ranged between 46°0 and 
48°6 p.ct., the values of the ratio carbon dioxide to carbon 
monoxide in the blow gas were less than unity—.e., the 
blow gas contained more carbon monoxide than carbon 
dioxide. Im Test B, in which the ratio reached the high 
value of 2°62, the over-all efficiency was only 37°2p.ct. It 
would thus appear that the manufacture of blue water gas 
by the intermittent process can be carried out more 
efficiently and with a greater output of gas per day when 
the ratio carbon dioxide to carbon monoxide in the blow 
gas is about 0°9 than when it is greater than unity. 
It is also advisable, when the steam supplied to the gener- 
ator is not superheated, that the depth of the fuel should be 
not less than 5 ft.* The highest thermal efficiency, 48°6 
p.ct., and the largest make of gas per day, 614,400 c.ft., 
were both obtained in Test D with a fuel depth of 6 ft. 
Since the completion of the tests, the ordinary routine of 
operation of the plant has been changed from the con- 
ditions of the Sixth Report to those of Test D; and it has 
been proved that the increased make per day is not merely 
a test figure, but that it can be obtained in regular 
working. 

By means of thermal balances it has been shown that 
the loss of heat resulting from the potential heat of the 
blow gas was only 11°5 p.ct. of the total heat supplied in 
Test B, as against 20°0 p.ct. in the Sixth Report Tests. 
The reduction of 8°5 p.ct. in the loss from this source, 
however, was achieved at considerable expense in other 
directions. 

From calculations (on certain assumptions) of the heat 
available for use in a waste-heat boiler, it has been con- 
cluded that sufficient steam could be raised under the 
conditions of Tests C, D, and those of the Sixth Report to 
supply the generator and turbo-blower, so that by this 
means the thermal efficiency of gas production in the 
tests named should respectively become 57°5, 60°4, and 
55°8 p.ct. In tests Aand B the calculated amounts of 
steam were less than those required for the generator and 
turbine. Crediting the process in the two instances with 
the heat which might be recovered in a waste-heat boiler, 

the thermal efficiencies would become 52’9 p.ct. in Test A 

and 45°3 p.ct. in Test B; so that even with the installation 

of a waste-heat boiler, those tests in which the ratio of 
carbon monoxide in the blow gas was less than unity (0°9) 
would be the most efficient. 

THEORETICAL CONSIDERATIONS. 


In order to appreciate the possibilities and limitations in 
the thermal efficiencies obtainable in the manufacture of 
blue water gas by the intermittent system, it is necessary 
to have a clear understanding of the principal reactions 
which take place during the blow and the run periods. 

Blow period.—The addition of heat to the fuel bed and 
brickwork of the generator during the blow period results 
from that developed by the oxidation of carbon to carbon 





monoxide and carbon dioxide; and, with other conditions 
the same, the degree of heat addition is dependent on the 
proportion in which these two gases are produced. The 
principal reactions which take place may be represented 
by the following equation : 


(1) C+ Og = COzg + 97°65 kg. cals. 
(2) C +40, =CO + 29°65 kg. cals. 


From the equations it is clear that, for the same quantity 
of carbon oxidized, more than three times as much heat is 
liberated when the product is wholly carbon dioxide as 
when only carbon monoxide is obtained. The aim during 
the air-blow should, therefore, be to obtain the maximum 
amount of carbon dioxide and the minimum of carbon 
monoxide, unless the heat value of the latter gas is re- 
quired for some auxiliary process, such as the cracking of 
enriching oil. When carbon dioxide, carbon monoxide, 
and carbon are allowed to remain in contact with one 
another for a sufficient length of time, they interact accord- 
jng to the equation 

(3) C + COzg = 2CO minus 38°35 kg. cals. 


until a definite position of equilibrium, dependent on the 
temperature, is attained. The position of equilibrium 
changes with temperature in such a manner that more 
carbon monoxide is produced at the higher temperatures. 
The efficiency of heat generation during the air-blow 
therefore decreases rapidly with rise of temperature, and 
more energy in the form of potential heat of carbon mon- 
oxide is carried away in the blast products. This third 
reaction, as in the case of all chemical reactions, requires 
time for the true position of equilibrium to be attained ; 
and certain authorities have claimed that, by reducing the 
time of contact of the gases with the fuel to a minimum 
by means of a shallow bed of fuel and a high-velocity 
blast, almost complete oxidation to carbon dioxide can in 
practice be obtained at comparatively high temperatures. 
It should be pointed out, however, that although the 
equilibrium position is approached more slowly at tempera- 
tures below 800° C., it is reached very rapidly at higher 
temperatures. 

Run period.—When steam is passed over incandescent 
coke, of the reactions which occur, consideration should be 
given to the following : 


(4) C+ H,O =CO + He minus 29 kg. cals. 
(5) C + 2H,O = CO, + 2He minus 19 kg. cals. 


From the equations it may be seen that, using the same 
weight of carbon, reaction (4) takes place with a greater 
absorption of heat than does reaction (5). At temperatures 
above 1000°C., it can readily be shown experimentally 
that the products of interaction of steam and coke are 
almost entirely carbon monoxide and hydrogen, and 
further, that the rate of reaction is rapid if the temperature 
be maintained. Ata temperature of 600° C., the reaction 
takes place mainly as represented by equation (5), and 
only a small proportion of the steam used is decomposed. 
Between these temperatures, both reactions occur; the 
proportion of steam decomposed and the quantity of 
carbon monoxide produced increasing with rise of temper- 
ature. 

From the considerations outlined it would appear neces- 
sary, in order to obtain a good efficiency during the run 
period, that (a) the temperature of the fuel bed should 
be comparatively high, and (6) the rate of steam supply 
should bear such relationship to the area and depth of the 
fuel bed that adequate time-contact of the steam with the 
fuel at a high temperature, to ensure reasonable decompo- 
sition and a minimum of undecomposed steam, is allowed. 

Blow and run periods.—From the nature of the re- 
actions taking place during the blow and run periods in 
the intermittent process of manufacture of water gas, it is 
clear that in order to obtain high efficiency of heat genera- 
tion during the air-blow, the fuel bed must be kept at a 
comparatively low temperature, and the time-contact of 
the gases with the fuel must be small. On the other hand, 
in order to obtain a high efficiency during the steaming 
operation, it is necessary that the fuel should be kept at a 
high temperature, and a longer time of contact must be 
allowed. It is evident, therefore, that these opposing 





* In considering these conclusions it should be remembered that the tests were 
carried-out in a Hum and Glasgow installation, and that the fuel used consisted 
of horizontal-retort from which material smaller than 1} in, had been removed, 


factors must be taken into account in determining the con- 
ditions for the best over-all thermal efficiency. 
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f. Strache and?!Jahoda (“ Journ. fir Gasbeleucht.,” 1900 
and 1904) in an extensive series of papers, | which are 
abstracted in the “ Technical Record” of the “ Journal of 
Gas Lighting,” 1901 and 1904, described experiments in 
which they analyzed the conditions affecting the efficiency 
of heat addition during the air-blow and the efficiency of 
the production of water gas during the run period. From 
their results they calculated that the maximum over-all 
thermal efficiency of water-gas production would be 
obtained with the fuel bed at a mean temperature of 
880° C., at which temperature, and under the conditions 
of their experiments, the blow gas contained 9°0 p.ct. 
carbon dioxide and 19°8 p.ct. carbon monoxide, and left the 
generator at 380°C. During the run, 95 p.ct. of the steam 
was decomposed ; and the resultant water gas, which con- 
tained 2°8 p.ct. of carbon dioxide, left’ the generator at 
440° C. Strache and Jahoda concluded that, under these 
particular conditions, it was possible to obtain an efficiency 
of 71 p.ct. without any allowance for fuel for raising steam 
and driving the blower. This efficiency would become 
56 p.ct. after allowing for the additional fuel required. 

The research by Strache and Jahoda was undertaken, in 
the first place, as a result of Dellwik’s claim that, merely 
by using a shallow bed of fuel and a high-velocity blast, 
the carbon monoxide content of the blow gas could be 
reduced to a verysmall amount. They concluded, how- 
ever, that Dellwik’s results were due to having the fuel 
bed at a low temperature, by shortening the air-blow and 
lengthening the run, and that this low temperature had been 
compensated for during the run periods by a reduction 
in the rate of flow of steam. 


SUMMARY OF SIXTH REPORT, &c, 


The work described in the Sixth Report of the Gas 
Investigation Committee aimed at determining the effi- 
ciency of the process of manufacture of blue water gas as 
ordinarily practised in a plant without waste-heat boiler. 
The investigation was carried out on the Humphreys and 
Glasgow blue water-gas installation at the Adderley Street 
Works of the Birmingham Gas Department. 

According to the usual routine of operation at the time 
of the tests described in the Sixth Report, clinker and 
ashes were removed from the generator every six hours. 
The generator was charged with coke to a depth of 8 ft. 
every forty-one minutes; and the usual cycle consisted of 
a one-minute blow followed by a four-minute run, divided 
into one-minute steaming in an upward direction, two-and- 
a-half minutes downward steaming, and half-a-minute up. 

The average compositions of the blast products and 
water gas produced during the tests carried-out at the 
Adderley Street Works are given in the following table. 


Composition of Gases, Volume P.Ct. 


Blast Products. Blue Water Gas. 








CO, sacs Stas 122 bbe byes 42 
O, bei re o'2 ee hee oO’! 
co ms rae 12'8 ease pe 41°4 
He Sexe eee 3°0 wie ee 492 
CH, itn zits 05 HER a0 o's 
No cece eee 713 cece eeee 4°3 

1000 100'0 


The average gross calorific value of the blue water gas 
made was 301 B.Th.U. per c.ft.; and for the production of 
1000 c.ft. of this gas, it was necessary to supply to the 
generator 43°7 lbs. of dry coke, which contained 13°1 p.ct. 
of ash. Thermal and chemical balances were constructed 
from the results obtained during the tests. The figures 
given in the thermal balances have been averaged ; and the 
results thus derived are arranged in the following table, in 
which the various items represent heat values in therms 
per 1000 c.ft. of blue water gas made. 


Heat Balance in Therms per 1000 C.Ft. of Blue Water 


Gas Made. 
Heat SUPPLIED: 
(2) Coke to generator ses See Ann 5°387 
b) Fuel to raise steam to generator do ati 0°535 
c 7 ,, turbo-blower .. = 0°578 
(2) Sensible heat of air to blower obs i. 0°005 





6°505 











ACCOUNTED FOR AS FOLLOWS: 





(rt) Blue water gas, potential heat ras Seq 3°010 
(2) » sensible heat . ee o'118 
(3) Steam not decomposed (total heat) . na 0°134 
(4) Blast products, potential heat a he 1°303 
(5) 3 sensible heat . ‘“ ne 0°306 
(6) Heat lost in raising steam to generator aed 0°160 
(7) » 9 turbo-blower... 0°173 
(8) Heat of steam used and lost in turbine... 0°400 
(9) Ashes, clinker, and dust, potential heat... 0400 
i » sensible heat... 0'024 
11) Losses (not separately determined) ., ong, OUND 
6°505 


EFFICIENCY OF Gas PropucTIon P.CtT.: 


Fuel for steam for generator and turbine taken 


into account a 49°3 
Fuel for steam -for generator and turbine not 
taken into account nee ae - ane 55'8 


From this balance it may be seen that the greatest 
individual loss of heat is represented by item (4), the 
potential heat of the blow gas, which accounts for approxi- 
mately 20 p.ct. of the total heat supplied. The average 
amount of heat lost as sensible heat in the water gas, blast 
products, and undecomposed steam—items (2), (3), and (5) 
—was approximately 8°6 p.ct. of the heat supplied. It 
was pointed out in the Sixth Report that the heat losses 
represented by items (2), (3), (4), and (5) might be reduced 
considerably by the installation of a waste-heat boiler. 

From calculations which were made (on certain assump- 
tions) of the heat available for use in a waste-heat boiler, 
it was concluded that sufficient steam could be raised to 
supply the generator and turbo-blower, in which case the 
over-all thermal efficiency of gas production would be 
increased from 46°3 to 55°8 p.ct. This conclusion was 
supported by the results given in the Seventh Report, 
which describes an investigation of the manufacture of 
carburetted water gas in a Humphreys and Glasgow plant 
with attached waste-heat boiler. From thermal ‘and 
chemical balances which were constructed, it was shown 
that the efficiency of production of blue water gas in the 
generators of the carburetted water-gas plant, without 
taking into account steam required or raised, was 53 p.ct. 
Allowing for the differences in the methods of opera- 
tion, this figure. of 53 p.ct. is in agreement with the corre- 
sponding figure of 55°8 p.ct. given in the Sixth Report. 
The amount of enriching oil used in the carburettors and 
superheaters was sufficient to produce a carburetted gas of 
a calorific value of 483 B.Th.U. gross per c.ft.; and the 
amount of water actually evaporated in the waste-heat 
boilers—63'8 lbs. per 1000 c.ft. of carburetted water gas— 
was sufficient to supply the steam required for the 
generators, turbo-blower, and auxiliary plant, under the 
conditions of the tests. 

Alternative methods of diminishing the loss of heat due 
to the potential heat of the blast gases in the manufacture 
of blue water gas might be (a) to reduce the amount of carbon 
monoxide carried away up the stack, by changes in the 
method of operation of the plant, in so far as such changes 
could be made without prejudice to the efficient production 
of water gas during the run periods, or (b) to utilize the 
heat of the blast gases for such purposes as the carboniza- 
tion of coal. 

In the process of manufacture of blue water gas by 
the Dellwik-Fleischer system, the method of operation is 
arranged with the object of producing the minimum 
amount of carbon monoxide during the air-blow, thereby 
reducing the loss of heat due to the potential heat of the 
blow gases. The Dellwik-Fleischer plant consists of a 
single generator supplemented by a condenser and 
scrubber system. The generator is shorter than that of 
the Humphreys and Glasgow plant, but much greater in 
diameter, and the fuel depth is kept at approximately 4 ft. ; 
there is thus obtained a broad shallow fuel bed, which, 
with a powerful air blast, is designed to promote the maxi- 
mum formation of carbon dioxide during the blow period. 

The results of complete tests, including thermal and 
chemical balances, of the manufacture of blue water gas 
according to the Dellwik-Fleischer system, do not appear 
to have been published. The following two investigations 
might, however, be mentioned. 

Some years ago, Professor Bone obtained results with 
this system, during a ten-hours test, which yielded a 
thermal efficiency of gas production of 65°6 p.ct.; no 
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allowance being made for fuel for raising steam and 
driving the blower. It may be calculated that this 
efficiency, after making allowance for the fuel to raise 
70 lbs. of steam (at 70 p.ct. boiler efficiency) per 1000 
c.ft. of water gas made, would be reduced to 53 p.ct. 

In a paper to the Incorporated Gas Institute in June, 
1897, the late Professor V. B. Lewes gave the results of a 
test of the Dellwik-Fleischer process over a period of 
four-and-a-half hours, from the results of which a thermal 
efficiency of gas production of 82 p.ct. was deduced; due 
allowance being made for the fuel used in raising steam. 
It can be calculated from the figures given in the paper 
that the gross thermal value of the water gas made was 
more than 98 p.ct. of the thermal value of the coke 
supplied to the generator. This appears to be a remark- 
ably high figure. It should be pointed out that tests over 
periods as short as four-and-a-half hours are liable to 
considerable errors, owing to the difficulty in ensuring the 
same amount of fuel in the generator at the beginning and 
end of the test, especially with the broad fuel bed of the 
Dellwik-Fleischer system. In view, however, of the high 
over-all efficiency of 82 p.ct. claimed, and the publicity 
previously given to the results, it is considered that it 
would not be out of place, at this stage, to examine the 
figures more critically. The following table has; therefore, 
been constructed from the figures given by Professor 
Lewes : 


Dellwik-Fleischey Process. 


Test sy V. B. Lewes, 1897. 
Time of test in hours ses des oot 4°5 








Coke supplied to generator, “Tbs. 466'4 
Proximate — - coke— 
Carbon ia sai ~ eal 87°56 
Moisture ... rane ate doa rs Pe 0°54 
Ash ... FAL . a od be oe Ir’90 
100°00 
Volume of blue water gas made, c.ft. oe ois 19,119 
Gas made in c.ft. per ton of coke to generator ... 91,800 


Coke supplied to generator in lbs. per 1000 c, ft. 24°4 
Coke su at val to boiler in lbs. per 1000 c.ft.... 4°9 





— — of coke to generator per 1000 c.ft., 
a 3°10 

Thermal value of coke to boiler per 1000 ¢. ft., 
therms : ra me 0°62 
Thermal value of total coke ove 3°72 

—= of blue water gas, volume p. ct.— 

ay ‘as a : ats oe 4°40 
bea sé ae ee ne ae 6 0°73 
co oes bie ane ae es see a 38°58 
SO 4 ase ies ees _ ove ro 51°56 
ae one one eee we ove cos 3°93 
99°20 





Calorific value of gas in B.Th.U. gross per c.ft.... 304 
Thermal value of 1000 c.ft. blue water i in 


therms (gross) ... : 3°04 
Efficiency of gas production, Pp. ct.— 
Fuel for raising steam taken into account _... 82 


Fuel for raising steam nottaken into account 98 
—— of blow Sas, — P- ct.— 





Og ... ove oo 18°4 
- es at ae << ee “ 1°4 
me. se as ee asi ‘os ae aes 79°0 

100'0 





Weight of clinker as aia al of coke Peete 
to generator... os 


According to the figures given in this table, 91,800 c.ft. 
of blue water gas of a calorific value of 304 B.Th.U. gross 
were made per ton of coke supplied to the generator. 
The amount of coke supplied to the boiler per 1000 c.ft. of 
gas made was 49 lbs. with a gross thermal value of 0°62 
therms. This amount of coke would raise approximately 
39 lbs. of steam on the basis of a boiler efficiency of 70 
p.ct. Assuming that it was necessary to supply to the 
generator 30 lbs. of steam—and this is a reasonably low 
figure—per 1000 c.ft. of gas made, there would remain 
only 9 lbs. of steam for driving the blower, as against a 
more usual figure of 30 lbs. or more in the case of an 
installation in which the blower is used to supply air to one 
generator only. The amount of 4'9 lbs. of coke supplied 
to the boiler would therefore appear to be too low. 

The figures given for the composition of the water gas 
made are the averages of the results of three analyses. 


The amount of oxygen present, 0°73 p.ct., is high in 
consideration of the low nitrogen content of 44 p.ct. In 
the case of one of the three analyses from which the 
average composition has been obtained, the oxygen was 
reported as 1°22 p.ct. and nitrogen in the same sample 
as 2°77 p.ct. These figures cannot be correct, since the 
1°22 volumes of oxygen must have been accompanied by 
at least 4°65 volumes of nitrogen. 

The composition of the blow gas, which is the average 
of two analyses, indicates the presence of 1°2 p.ct. oxygen ; 
this is more than could be ascribed to error of sampling 
and analysis. It must therefore be concluded that, owing 
to the difficulties in working a broad shallow bed of fuel, 
channelling took place, with ‘the result that air passed 
through the bed of fuel without having been in actual 
contact with the hot coke. In such case, it is probable 
that a certain amount of the carbon monoxide leaving the 
fuel bed afterwards combined with oxygen above the fuel 
to produce carbon dioxide before the gases reached the 
position of sampling. The samples would not then repre- 
sent the true composition of the blow gas which would have 
been obtained in a properly distributed bed of. fuel in 
which channelling did not take place. 

It is surprising to find that the weight of clinker re- 
moved from the generator was only 7°1 p.ct. of the weight 
of coke supplied, although the fuel contained 11°9 p.ct. 
of ash. 

The efficiency of the process, without any allowance for 
fuel for raising steam was 98 p.ct., leaving only 2 p.ct. to 
account for the difference in the amount of heat carried 
away by the gases leaving the generator and the heat con- - 
tent of the entering steam—quite apart from other heat 
losses. From later statements by K. Dellwik (Trans. 
Iron and Steel Inst., 1900) it would appear that the gases 
left the generator at about 700°C. It is, therefore, quite 
clear that attempts to construct thermal balances of the 
type given in the Fourth, Sixth, and Seventh Reports of 
the Gas Investigation Committee would at once reveal 
more heat in the products than in the fuel used in the 
generator and boiler. It must consequently be concluded 
that the results of the test of the Dellwik-F leischer process 
by Professor V. B. Lewes cannot be used with any 
confidence. 

OBJECT OF INVESTIGATION. 


In view of the incompleteness of previous work on the 
manufacture of blue Water gas according to the principle 
of the Dellwik-Fleischer process—i.e., the use of a shallow 
bed of fuel with the object of obtaining the maximum pro- 
duction of carbon dioxide in the blow gas—it was believed 
that further investigation of this principle should yield 
results of considerable value. It was therefore decided to 
carry out experiments designed to ascertain whether, by 
reducing the depth of the fuel bed, the manufacture of 
blue water gas could be carried out more efficiently than 
according to the method of operation described in the 
Sixth Report. These experiments were made possible by 
the further generosity of the Birmingham Gas Department 
in placing the installation at their Adderley Street Works 
at the disposal of the Committee. 

Since the plant is in daily use for the manufacture of 
blue water gas which is afterwards mixed with straight 
coal gas from horizontal .retorts for the preparation of 
gas for town supply, it was necessary to carry out a large 
number of preliminary trials of a few hours’ duration only,’ 
in order to determine satisfactory methods of operation of 
the plant with fuel beds of different depths. An account 
of the preliminary experiments is given in Section III. of 
this report. 

When suitable cycles had been selected for the operation 
of the plant with the different depths of fuel, measured 
trials were made, each over a period of approximately 
forty-eight hours. The results of these trials are given in 
the first section of the-report. 


THE BLUE WATER-GAS INSTALLATION AT THE 
ADDERLEY STREET WORKS. 


The blue water-gas plant at the Adderley Street Works 
of the Birmingham Gas Department was used for the 
investigation described in the Sixth Report. This investi- 
gation (Sixth Report) was carried out with the object of 





ascertaining the efficiency of manufacture of blue water 
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gas as ordinarily practised in a plant without waste-heat 
boiler. The investigation described in this Tenth Report 
was also carried out on the same plant. The general 
arrangement of the installation is shown in plan in 
Diagram I. The generator house and blower house 
are situated on the right bank of the Birmingham and 
Warwick canal, which runs through the middle of the 
works. The plant enclosed in these houses was erected 
during 1917 by_ Messrs. Humphreys and Glasgow, Ltd. 
Gas-making was commenced early in 1918. 
Generator.—The generator, shown in horizontal and 
vertical sections in Diagram II., consists of a cylindrical 
steel shell lined with fireclay blocks, which are separated 
from the metal by annular spaces packed with non-con- 
ducting material. The bed of fuel rests on a flat bar 
grate on a level with which are clinkering doors, and 
below which is a door for removing the ashes into the pit 
immediately beneath. The generator is connected by 
pipes both above and below the fuel bed with the bottom 
of the scrubber. During the blow periods the air enters 
at the bottom of the generator, and the blast products travel 
through the outlet pipe at the top into the stack, which is 
controlled by a special valve. During the run periods, 
when the blast valve is closed, the steam enters either 
below or above the fuel bed, and the resultant water gas 
is carried away to the scrubber by the outlet pipe at the 
top or bottom, according to whether the steaming is being 
operated inan upward or downward direction. A special 
catch-pocket is so placed on the top outlet pipe that it 
collects the heavier particles of coke carried forward 
during the blow period. The generator is charged with 
coke from metal hopper barrows through the door in the 
extreme top. The plant is manipulated from an elevated 
operating floor flush with the generator charging door, at 
which level all levers controlling the necessary valves are 
assembled. A battery of gauges, indicating at any stage 
of the process the pressures in the air duct at the bottom 
of the generator, the generator base, generator top, and 
the outlet of the scrubber, enables the operator to judge 
the working conditions throughout the apparatus. Steam 
meters, the indicator dials of which are also situated above 
the operating floor, enable the operator to regulate the 
steam valves to obtain the desired rate of flow of steam. 
An interlocking valve gear prevents the operation of the 
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steam and blast valves except in their safe and proper 
order. 

Air to generator.—The air is supplied to the generator 
by means of a Sturtevant blower driven by a 20-H.P. De 
Laval turbine of the non-condensing type. 

Steam to generator.—The steam is obtained from the 
main works supply from two Babcock and Wilcox water- 
tube boilers without superheaters. 

Scrubber.—From the generator the water gas made 
during the run periods passes into the bottom of the 
scrubber through a water seal of 2tin. This seal 
prevents the gas from being pushed back during the blow 
periods by the pressure thrown by the relief holder. The 
large area of the scrubber, compared with the area of the 
dip pipe, enables this safety device to act at back pressures 
very much higher than the actual amount of seal in opera- 
tion during the run periods. The scrubber itself consists 
of a cylindrical steel shell packed with circular wooden 
grids similar in design to those ordinarily used in oxide 
purifiers, and which rest on a perforated steel plate. A 
rapid stream of cold water enters the scrubber at the top, 
is distributed by means of the wooden grids, and flows out 
through the overflow pipes at the bottom into a separate 
seal. The purpose of the scrubber is to remove particles 
of tarry and solid matter and at the same time to condense 
undecomposed steam and cool the water gas to atmospheric 
temperature. 

Water to scrubber.—The scrubber is supplied with 
canal water by means of two reciprocating pumps (one of 
which acts as a spare) situated in the blower house. The 
water is pumped from about 2 ft. below the surface of the 
canal through a 4-in. pipe, the end of which is covered with 
a perforated grid to remove the larger particles of solid 
matter. 

Dust boxes.—After leaving the top of the scrubber, the 
water gas is made to pass in parallel through two cylindri- 
cal steel dust boxes. These boxes, which are additional to 
to the usual apparatus, were erected in November 1920, 
and are at present being used in experiments devised with 
the object of removing a very troublesome dust which is 
carried forward and deposited in all sections of the plant, 
even beyond the relief holder. This problem is referred to 
again in Section II. of this report. 

Relief holder—From the two dust boxes the gas passes 
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by way of a 12-in. main through the cellar of the horizon-: | 


tal retort-house, then underground, through the valve in 
the holder well to the relief holder, which consists of two 
column-guided lifts. The top lift has a total capacity of 
approximately 110,000 c.ft. The second lift was not in 
operation during the period of the investigation. 

Meter.—From the relief holder the gas travels through 
a 12-in. main underground to a Thorpe’s patent rotary 
meter of a maximum capacity of 50,000 c.ft. per hour, 
thence through a diaphragm governor to the inlet exhauster 
main of the coal-gas plant. The meter is preceded by a 
cylindrical iron box installed in the first instance for the 
purpose of removing the dust already referred to. 


MEASUREMENTS AND WEIGHINGS. 


Coke.—The coke used in the tests was obtained by the 
carbonization in horizontal retorts of coal from several 
different sources. As the coke was withdrawn from the 
retorts, it was picked up in telpher skips and immersed 
in quenching tanks. It was then deposited in the yard 
outside the generator house several days before being 
required, to allow excess water from quenching to drain 
away. The coke was afterwards forked, and elevated by 
telpher to the hopper at the top of the generator house, 
after which it- was again forked to ensure the removal 
of small coke below 1} in. The forked coke was 
weighed, and charged into the generator at intervals of 
thirty or forty minutes. At the commencement of each 
test, which occurred immediately after clinkering, the 
generator was charged with coke until the bed reached 
the required depth. The whole of the fuel afterwards 
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DIAGRAM II. 


charged into the generator was weighed, including the 
amount required to bring the fuel bed to the same depth 
at the end of the test immediately after a clinkering period. 

Ashes and clinker.—The ashes and clinker withdrawn 


from the generator were stored until the end of the test, 








when the lumps of clinker were separated. The ashes 
and clinker were then weighed and sampled separately. 

Dust.—The catch-pocket was emptied at each clinker 
period ; and the individual amounts of dust withdrawn were 
collected together, and weighed and sampled at the end of 
each test. 

Steam to generator.—The steam to the generator was 
taken from the main supply at a pressure of approximately 
75 lbs. per sq. in.; and this pressure was reduced to the 
required amount by means of valves, before passing to the 
nozzles of the steam meters. The valves were so regula- 
ted as to give definite readings in lbs. per min. on the indi- 
cators supplied with the steam-meters, and at the same 
time readings were taken of the actual pressures operating 
on the nozzles as indicated by calibrated pressure gauges 
installed for the purpose of the tests. The amounts of 
steam delivered to the generator have been calculated from 
the pressures operating on the nozzles and the results of 
calibrations. 

Steam to turbine.—Records were taken of the pressures 
of the steam operating on the nozzles of the turbine during 
the blow and run periods. These figures, combined with 
data supplied by the makers of the turbine (Messrs. Green- 
wood and Batley, Ltd., Leeds), have enabled the calculation 
of the steam consumption of the turbine to be made during 
both blow and run periods. 
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Air to generator.—The amounts of air delivered to the 
generator have been calculated from the compositions of 
the blow gas produced and the amount of carbon consumed 
‘during the blow periods as deduced from carbon balances. 

Water-gas made.—The make of gas was measured by 
the rotary meter. Readings were taken every hour and at 
the beginning and end of each test, in addition to temper- 
atures and pressures. The state of the relief holder, to- 
gether with temperature and pressure readings, was taken 
at the beginning and end of each test ; and corrections were 
made for the changes of gas volume in the holder. The 
meter readings were also corrected according to the results 
of calibrations at the beginning and end of each test. 

SAMPLING. 

Coke.—The forked coke was sampled at intervals of 
two hours as it was weighed for charging into the genera- 
tor. Each sample lot was crushed and quartered-down 
immediately until it had been reduced in amount to about 
8 ozs. Two such samples were collected and mixed to- 
gether for the immediate determination of moisture con- 
tent. Finally the twelve samples for each test were mixed 
together, further crushed, and quartered down until a com- 
posite sample of about 1 lb. was obtained. The composite 
samples representing each test were brought to a fine 
powder, and were used for the purpose of proximate and 
ultimate analyses and the determination cf calorific values. 

Ashes, clinker, and dust.—The ashes, clinker, and dust 
were sampled separately when they were weighed at the 
end of each test. The samples were crushed and quarter- 
ed down to about 1 lb., then finely powdered and used for 
analyses and, in the case of dust, also for the determination 
of calorific values. 

Water gas.—Average samples of the water gas 
made over complete coking-to-coking periods of thirty or 
forty minutes at the inlet to the scrubber were taken in 
glass aspirator bottles several times each day. The appara- 
tus was so arranged that no gas passed into the sample 
bottle during the blow periods. 

The sulphuretted hydrogen content of the gas at the in- 
let scrubber was determined by passing a slow stream of 
the gas through standard iodine solution during 
a complete coking-to-coking period. The flow 
of gas was cut off and started up again to corre- 
spond with the blow and run periods. Several 
such determinations were made during each 
twenty-four hours of the test. 

Special experiments were run for twenty-four 
hours at the inlet to the scrubber for the deter- 
mination of ammonia and undecomposed steam. 

Average samples of the water-gas made during 
each clinker to clinker period were also taken in 
a sample holder by means of a branch pipe from 
the inlet of the relief holder. The gas was made 
to pass through two small oxide purifiers before 
entering the sample holder. These samples 
were used for complete analyses and for the 
determination of calorific values, specific 
gravities, and the sulphur content of the puri- 
fied gas. 

All samples of gas, whether for gas analysis 
or long-period experiments, were taken-off by 
branch pipes from rapid continuous streams. 

Blow gas.—Samples of blow gas covering 
complete coking-to-coking periods were collected - 

in aspirator bottles several times during each 
test at the position indicated in Diagram II. 
To facilitate the manipulation of the sampling 
apparatus, and to prevent the diffusion of water 
gas into the connecting tubes during the inter- 
vening run periods, a metal cock was placed 
in the sampling tube within two or three inches 
of the stack, and was connected by a rod and 
key to the lever used for the operation of the 
stack valve. The-arrangement (Diagram III.) 
was such that the metal cock was opened and 
closed simultaneously with the operation of the 
stack, valve. The glass taps at the top of the 
sampling bottles and an auxiliary aspirator bottle 
were opened and closed by hand at the same 
moment as the blast valve. The auxiliary as- 





a rapid stream of gas through the sampling tube, from 
which the actual sample was taken by means of a branch 
tube. This was necessary in order to minimize the effect 
of the volume of gas in connecting tubes, although, at the 
same time, the apparatus was designed to make this volume 
as small as possible. 


MEASUREMENTS OF PRESSURES, TEMPERA- 
TURES, &c. 


Throughout the test the following readings were system- 
atically recorded every two hours: 


(1) The pressure in inches of water during the 
blow period and different stages of the run periods, 
as indicated by the battery of gauges above the 
operating floor; (a) air duct, (b) generator base, 
(c) generator top, and (d) outlet of scrubber. 

(2). The pressures of steam in lbs. per sq. in., 
operating on the nozzles of the steam-meters during 
the run periods, as indicated by the calibrated 
pressure gauges specially installed. 

(3) The pounds of steam delivered per minute, as 
indicated by the gauges supplied with the steam 
meters. 2 

(4) The pressures of steam on the nozzles of the 
turbine during the blow and run periods. 

(5) The average temperatures of the blow and run 
gases at the outlets of the generator and of the run 
gases at the inlet to the scrubber were deduced from 
series of readings taken every ten seconds during 
complete coking-to-coking periods. About eight 
series of readings were taken during each test. The 
method of recording these temperatures is described 
in further detail in Section IV. of this report. Cali- 
brated iron-constantan thermo-couples were used for 
this purpose. 

(6) Temperatures by means of mercury ther- 
mometers ; (a) water gas at the outlet of the scrubber, 
(b) air at the inlet of the blower, (c) water leaving the 
scrubber. ; 

In addition, index readings of the rotary meter and of 
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the experimental test meters, together with their respective 
temperatures and pressures, were taken periodically. 

The depths of the fuel bed were ascertained immediately 
before and after each charging of the generator with coke, 
by measuring the distances from the charging door to the 
top of the fuel bed by means of a calibrated iron rod in 
two sections, with base plate. 

METHODS OF OPERATION OF PLANT. 

As a result of the preliminary trials (Section ITI.), it was 
found that, with the particular installation, it was not a 
sound practical proposition to operate the plant with 
the fuel bed below a depth of about 3 ft. 6 in. When 
the depth of the fuel in the generator was less than this 
amount, channelling of the gases readily occurred during 
both run and blow periods, though the bed of fuel was 
levelled at intervals of about thirty minutes. The diffi- 
culty experienced in preventing channelling of the gases 
became more pronounced as the time for clinkering 
approached—+.e., as the amount of clinker increased and 
the effective depth of the bed of fuel correspondingly 
decreased. Further, since the amount of steam which 
could be decomposed in a given time was small, with so 
shallow a depth of fuel it was necessary to reduce the rate 
of admission of steam to the generator to such an extenf 
that there was a considerable reduction in the daily output 
of the plant. It was therefore decided to carry out the 
first test with the fuel bed about 4 ft. in depth, and to make 
other tests at average depths of 5 ft. and 6 ft. These 
tests, together with those described in the Sixth Report, 
would then give a series at depths ranging from 4 ft. to 
7 ft. Four tests in all, designated A, B, C, and D, were 
made with the fuel bed at average depths of 4 ft., 4°25 ft., 
5 ft., and 6 ft. respectively. 

Throughout the experiments, the turbo-blower was run 
at its maximum safe speed, and the several valves con- 
trolling the operation of the plant were manipulated in the 
same order as in the tests described in the Sixth Report. 
Changing from run to blow, the steam was first shut-off, 
the valve at the top of the stack was then opened, and 
finally the blast valve was opened. The average time 
occupied in these operations to the full opening of the 
blast valve was about six seconds. Changing from blow 
to run, the stack valve was first closed, then the blast 
valve, and finally the steam was switched-on in an upward 
direction. The operations occupied an average time of 
four seconds. The change of direction of steaming was 
carried out by the movement of one lever only. From the 
method of operation as just described it will be observed 
that during the time occupied between closing the stack 
valve and the complete closing of the blast valve in the 
change from blow to run, blow gas was forced through the 
plant to mix with the run gas in the relief holder. 

During the tests A, B, C, and D, clinker and ashes were 
removed from the generator at intervals of eight hours; 
whereas in the tests described in the Sixth Report clinker- 
ing was carried out every six hours. 

The cycles of operation selected for the different tests are 
explained in detail in the following paragraphs; and for 
convenience in reference they are given in tabular form in 
Table I., which also includes the cycle of operation 
adopted during the tests described in the Sixth Report. 


CYCLES OF OPERATION. 


Test A, average fuel depth, 4 ft—Immediately after 
clinkering, the depth of the fuel in the generator was 





TaBLE I.—Methods of Operation of Plant. 





measured. If the depth was less than about 3 ft. 8 in. 
sufficient coke was added to bring the depth to about 4 ft. 
4in. When the fuel depth was greater than 3 ft. 8 in., 
the plant was submitted to a sufficient number of blow and 
run periods to reduce the fuel in the generator to this 
amount, when the generator was charged with coke to a 
depth of 4 ft. 4 in. Each charging of the generator, 
including measurements of the amount of fuel, occupied 
one minute. This was followed by one minute blow and 
three minutes steaming in an upward direction at an actual 
rate of 13°9 lbs. per min.; the rate indicated on the dial 
of the steam meter being 15 lbs. per min.* Then followed 
five normal five-minute cycles consisting of a half-minute 
blow, one-and-a-half minutes run in an upward direction 
at 13°9 lbs. per min., two minutes down run at 11°8 lbs. 
per min., and a half-minute up run at 103 lbs. per 
min. before the generator was recharged with fuel to a 
depth of 4 ft.4 in. The duration from one charging of 
the generator to the next was therefore thirty minutes. 
This thirty-minutes cycle of operations was repeated 
during a period of about seven hours till half-an-hour 
before the time arranged for removing clinker and ashes 
from the generator. During the half-hour preceding 
clinkering, steaming was operated in an upward direc- 
tion only at a rate of 13°9 lbs. per min. The purpose 
of the last series of all up runs was to cool the clinker 
at the bottom of the bed of fuel. At a convenient 
time, usually fifteen minutes before the plant was shut- 
down; an additional amount of about six cwt. of coke was 
charged into the generator to allow for the reduction in the 
depth of the fuel bed resulting from the clinkering opera- 
tions. The depth of fuel in the generator at the end of 
each thirty-minute period was approximately 3 ft. 8 in. ; 
so that the average fuel-depth was 4+ ft. The dust catch- 
pocket between the generator and scrubber was emptied 
during each clinkering period. 

Test B, average fuel depth, 4 ft. 3 in.—Immediately 
after clinkering, the procedure for adjusting the depth of fuel 
to the required amount was similar to that adopted in Test 
A. When the generator had been charged with coke, the 
fuel bed was submitted to a four-minute cycle consisting 
of forty-five seconds blow followed by three-and-a-quarter 
minutes steaming in an upward direction at 14°1 lbs. per 
min.- Then followed five normal five-minute cycles, each 
including a half-minute blow, one-and-a-half minutes 
run in an upward direction at 14°1 lbs. per min., two 
minutes down run at 11°7 lbs. per min., and a half- 


‘minute up run at 10°3 lbs. per min., before the generator 


was recharged with fuel to a depth of about 4 ft. 7 in. 
The duration from one charging of the generator to the 
next was therefore thirty minutes. During the half-hour 
preceding clinkering, steaming was operated in an upward 
direction only at 14°1 lbs. per min.; and, as in Test A, 
an additional amount of about 6 cwt. of coke was charged 
into the generator. 

Test C, average fuel depth, 5 ft.—The generator was 
charged with fuel to a depth of 5 ft. 6 in. every thirty-one 
minutes. Since the depth of the fuel bed was about 4 ft. 
6 in. before charging, the average depth was 5 ft. Im- 
mediately after the addition of coke to the generator, the 
fuel bed was subjected to a one-minute blow and four 
minutes steaming in an upward direction at 19°3 lbs. per 
min. This was followed by five normal five-minute 





*The methods of calibration of pressure gauges and steam-meter gauges are 
described in Section V, of this report. 
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Depth of fuel bed in ft. CR ‘ 
Coking-to- coking period, duration in mins. 
Tine occupied in coking, mins. 
Duration of blow immediately after coking, mins. 
Duration of up run after coking, mins. . 
Race of flow of steam in up run after coking, Ibs. per min. 
Normal cycle, duration in mins. P oe 8 
Duration of blow, mins. 
Duration of first up run, mins. . 
Rate of flow of steam in first up run, "Ibs. per min. 
Duration of down run, mins.. . 
Rate of flow of steam in down run, Ibs. per min. 
Duration of last up run, mins, . 
Rate of flow of steam in last up run, ‘Ibs. per min. 
Number of times generator clinkered during 24 hours 


a 








Sixth Report 
A B Cc. D. haw Teste—Average 
4 4°25 5 6 | 7 
30 30 31 31 | 41 
I I I I I 
t 0°75 I 15 15 
3 3°25 4 3°5 3°5 
13°9 14°! 19°3 20°8 20°7 
5 5 5 5 5 
0'5 o°5 I I I 
I'5 I'5 I I 1 
13°9 14°! 19°3 20'°8 20°7 
2 2 2°5 25 2°5 
11°8 II°7 18°9 21°4 19°8 
I I o'5 0'5 0's 
10°3 10°3 19°3 19 3 20°7 
3 3 3 3 4 
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cycles consisting of one minute blow, one minute up run at 
19°3 Ibs. per min., two-and-a-half minutes down run at 
18°9 lbs. per min., and a half-minute up run at 19°3 lbs. 
per min. The generator was then recharged with fuel 
to a depth of 5ft.6in. During the half-hour preceding 
clinkering, steaming was operated in an upward direction 
only at 19°3 lbs. per min., and an additional amount of 
about 6 cwt. of coke was charged into the generator. 

Test D, average fuel depth, 6 ft.—During Test D, the 
generator was charged with coke to a depth of about 6 ft. 
6in. every thirty-one minutes. Each charging of the 
generator was followed by a one and-a-half minutes blow 
and a three-and-a-half minutes run in an upward direction 
at a rate of 20°8 lbs. per min., followed by five normal 
five-minute cycles, each consisting of one minute blow, 
one minute up run at 20°8 lbs. per min., two-and-a-half 
minutes down run at 21°4 lbs. per min., and a half-minute 
up run at 19°3 lbs. per min., before the generator was 
recharged with fuel. During a period of about forty 
minutes before clinkering, steaming was operated in an 
upward direction only at 20°8 lbs. per min., and additional 





fuel was added to allow for the material to be removed 
during clinkering. 
RESULTS OF TESTS. 

The principal figures for the four complete tests carried- 
out are given in Table II., of which the various items are 
reported in amounts per ton of dry coke supplied to the 
generator, and in Table III., in which the items appear as 
calculated .per ton of dry ash-free coke. The corre- 
sponding average figures for the three tests described in the 
Sixth Report are also included in Tables II. and III. and 
in subsequent tables, so that comparisons might readily be 
made. In considering the results of the tests, it should be 
remembered that it was not possible to ensure the same 
quality of coke for each. The differences in quality have, 
to some extent, influenced the results, but have not had 
any marked effect on the general conclusions drawn. 

The tests have been arranged in order in the tables, 
according to the depths of the fuel bed. In Test A the 
average depth of the bed of fuel was 4 ft., in Test D it was 
6 ft., and in the previous investigation (Sixth Report) the 
average depth was 7 ft. 


TaBLe I1.—Results per Ton of Coke (Dry Basis.) 
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Sixth Report 
oe a. ke Oe ee ae ee ne ee ee ee eS | A B. Cc. D PB oredy oe oll 
Se ee ee Se SS ee ae eee ae 
renin’ ——-| 7” 
Depth of fuel bed in ft. (average) . RE a aes ee Oma Oe | 4 4 25 5 6 7 
Duration of testin hours . tee oe Se) es 47°58 47 28 47°48 47°73 | 47°75 
Time of clinkering in hours . b beterrign- ate shade ho tip 3 08 2°73 2°63 3°33 "7 
Time of gas-making in hours . . 2S IER Pee 44 50 44°55 44°85 44°40 40°98 
Coke (wet) supplied to generator, io ee ee: Mt PO & 14°48 II 20 20 98 23°74 23°86 
Moisture in coke p.ct. . . aT, OD ASH 129 | 74 } 6°7 10°8 8'o 
Coke (dry) supplied to generator, in tons ‘ Sewek Tos sevrancetes a 12°61 10°37 19°57 21°18 21°89 
Total gas (purified) made, in c.ft. (60° Fahr. and 30 in. ): ee ae ee | 606,100 | 1,117,500 1,221,900 | 1,122,500 
Gas, in c.ft. per ton of coke to generator . Pie we Se le | 57,300 58,450 57,100 57,690 | 51,280 
Coke in lbs. to generator per roooc.ft. . . . «© . « « » | 39°09 38°32 | 39°23 38°83 | 43 69 
Gas, in c.ft. made perday . . Ob te RAY | 364,400 | 307,700 | 564,900 614,400 | 564,200 
Gas, in c.ft made per hour of gas- making Cee ee. ere 16,240 | 13,600 | 24,920 27,520 | 27,400 
Composition of gas—volume p.ct.: COg . 2. 2. 1 1 1 © © © et | 4°7 8'2 .5'5 4°5 4°2 
. hah ee a | 0°3 o'2 o'r o'r o'r 
SAR ai Pct bie Sa tone el la 39 6 33°6 | 38°7 40°7 41'4 
Hg Sipe Te HE) QT AIS Aad 6h 46 8 45°5 50°! 49°2 49'2 
Cg 6 16) ee, epee yd) o°5 o's "4 0°6 o'8 
1. ey Geer aerraemis Soret | 8'1 11°7 5°2 4°9 | 4°3 
| 100 0 100'O | 100 0 100'°0 100'0 
Inerts, including oxygen. . . «© + + © © + «© # - | 131 20 I 10°8 9°5 | 8°6 
Specific gravity of gas (air = 1) . - | 0°58 o'61 0°56 0°55 0°55 
Calorific value of gas in B.Th.U. gross per c. ft. a Ge = 284 262 292 296 301 
-- net ok a re a ee 257 236 264 269 276 
Thermal value of gas ‘in therms gross per ton of coke. 162°7 153°1 166°7 170'°8 154°5 
net eiisets id lw, oath . 147°3 137°9 150°7 155°2 141°7 
Thermal value of gas ‘made per not in therms gross aa aa aera . | 1035 806 1650 1819 1701 
” ” ” rr) net . eo 937 726 149! 1653 1560 
Steam to generator, in tons per ton MCU eit iss ls egress || 1°00 1°22 o'9I 0'89 0'77 
» » turbine, ,, 5 1'70 2°06 1°13 1°04 0°83 
Fuel, in therms od ton of coke to raise steam for ‘generator (70 P. ct. boiler | 
efficiency) 3 | 35'7 43°6 32°5 31°8 27°4 
Fuel, in therms per ton of coke to raise steam for turbine (70 p. ct. boiler 
efficiency) : pee SG end a 60°7 73°5 40 4 37°1 29 6 
Total fuel, in therms per ton of coke for raising steam - | 96°4 117"! 72°9 68°9 | 57°0 
chirps hydrogen in grains per 100 c.ft. in gas at inlet scrubber ae 154 182 229 209 | 287 
» volume p.ct. * ” ” .-| o25 | 0°29 0°37 O49}. 0.46 
Sulphur i in grains per roo c.ft. in purified es eos ees x I4 II 24 26 22 
Composition of blow gas—volume p.ct.: CO... . . . « . of 13°6 16°2 11°8 12°! | 12°2 
Mit “Avidlievkess 5 - | o'2 o'3 03 o'r } o'2 
Ne ee oe ent pk my aa 3 II's 6°2 150 13'8 12'8 
ee ae ee ee ee 6°4 4°6 4°8 2°4 | 3°0 
lige sel) sess evieertian « 02 o'2 o'2 0'3 0'5 
is ids 445 At 8 68'1 72°5. 67°9 71°3 | 71 3 
7 | 
100°0 100°0 100'0 100°0 | 100°0 
Calorific value of blow gas in B.Th.U. gross per c.ft. (calculated) . in 59'0 36 4 65‘0 54°5 } 55'0 
net ” ” ” . | 55°6 33°9 62°4 53°0 53°0 
Dry ashes withdrawn, in tons per ‘ton of coke’. ‘ | © 097 o°117 0085 0122 0° 130 
Dry clinker - “A a th BE a Vie XR MO ea ee | o'oIg O'O12 0'048 0°035 0049 
Dust from pocket = ss i ra ‘ oO'OI5 0'031 O'O15 0'015 o'oI2 





Tas_e Il1.—Results per Ton of Coke (Dry, Ash-Free). 








Coke supplied to generator, intons . . . . 

Gas in c.ft. per ton of coke to generator. . . 

Coke in lbs. to generator per 1000 c. ft. gas. 

Thermal value of gas in therms gross per ton of coke. 

met » 
Steam to generator, in tons per ton ofcoke. . 
+» 9 turbine, $s 

Fuel, in therms per ton of coke to generator. to raise steam ‘for generator 
(70 p.ct. boiler efficiency). . 

Fuel, in therms per ton of coke to generator to raise steam for turbine 
(70 p.ct. boiler efficiency) . te 

Total fuel in therms for raising steam 

Ash-free materia! in tons withdrawn from generator and dust pocket . ‘ 














k " 3 Sixth Report 
. B Cc D. Teste--diveres xe, 
11°56 9°42 17 52 18°57 19 05 
62,490 64,370 63,800 65,780 59,020 
35 85 34°79 35°11 34°05 37°97 
177°5 168°6 186°3 194'°7 177°7 
160°6 I51'9 168°4 176'9 163°0 
1°09 1°34 1°02 I‘or 0°88 
1°85 2°27 1°26 I*I9 0°95 
38'9 47 8 36°4 36'1 31°6 
66'1 81'o 45 0 42° ba 
105'0 128°8 81°4 78° 3 4 
o'o71 O'rIr 0'063 0°062 0°075 




















Dt 
neces 
order 
conse 
the fi 
whic! 
hung 
prec 
since 
smal 
to h 
wher 
Char 
comer 
degre 
influ 
tance 
perio 
wher 
rate’ 


so th 
B, C 


the 

12°9 
large 
alrea 
yard 
gene 


coke 
figut 
c.ft. 
Test 
only 
calo 
of g: 
be s 
153° 
yiel 
figu 
coke 
9°2 

Tes 


307, 
614, 
in T 
thot 
It 1 
imn 
only 


diffe 
pro 
and 
hav 
ata 
whe 
low 
The 
con 
cor! 
tem 
of t 


gre: 
sm: 
in 

Ge 
in i 
me: 
fro 
thr: 


adi 
gre 


bee 





JuLy 4, 1923.) ~ GAS JOURNAL. 





During Tests A and B, at the lowest fuel depths it was 
necessary to exercise care in charging the generator, in 
order to prevent too great unevenness in the fuel bed and 
consequent channelling. Occasionally the levelling of 
the fuel bed was brought about by means of an iron rod, 
which was also used to force-down clinker which had 
hung-up in different portions of the generator. These 
precautions were more necessary at lower fuel depths, 
since, quite apart from the possibility of channelling, 
small deviations from the required depth of fuel appeared 
to have a more marked effect on the results than 
when the plant was operated at greater depths of fuel. 
Changes in the quality of the coke also influenced the 
compositions of the blow and3,run gases to a greater 
degree; this was probably: due to the relatively greater 

‘influence of the resistance of the clinker on the total resis- 
tance of the fuel to the current of air during the blow 
periods. It would thus appear that more care is required 
when making blue water gas with a shallow fuel bed, at any 
rate with the installation used in this investigation. 

There were six clinkering periods in each of the four tests, 
so that the average times of the clinker periods in Tests A, 
B, C, and D were respectively 31, 27, 26, and 33 minutes. 

The average amount of moisture in the coke supplied to 
the generator ranged between 6°7 p.ct. in Test C and 
12°9 p.ct. in Test A. The proportion of moisture was 
largely dependent on atmospheric conditions, since, as 
already explained, it was necessary to store the coke in the 
yard before it was elevated and conveyed by telpher to the 
generator house. 

The yield of blue water gas in cubic feet per ton of dry 
coke was approximately the same in each test; the lowest 
figure being 57,100 c.ft for Test C and the highest 58,450 
c.ft. for Test B. The calorific value of the gas made in 
Test B was, however, lower than in any other, being 
only 262 B.Th.U. gross perc.ft. The effect of this low 
calorific value is brought out in the item “ Thermal value 
of gas in therms gross per ton of coke,” from which it may 
be seen that the yield in therms cf blue water gas was 
1531 in Test B, as against 166°7 in Test C. The highest 
yield, 170°8 therms per ton, was obtained in Test D. These 
figures must partly be influenced by the quality of the 
coke; but the ash content of the coke in Test B was only 
9°2 p.ct., as against 10°5 p.ct. in Test C, and 12°3 p.ct. in 
Test D. 

The yields of gas per day varied considerably, from 
307,700 c.ft. in Test B at a fuel depth of 4 ft. 3 in., to 
614,400 c.ft.in Test D at a depth of 6ft. The volume 
in Test B was 56,700 c.ft. per day lower than in Test A, 
though the depths of the fuel bed were nearly the same. 
It may be observed, however, from Table I. that the blow 
immediately following each charging of the generator was s = Aechange Ah % 
only 45 seconds in Test B, compared with 60 seconds in Test | @ | ee salngas 
A. Further, the results are partly to be accounted for by 
differences in the qualities of the coke used and the clinker a 
produced. The ash contents of the coke used in Tests A | Seonlegn 
and B were respectively 8°3 and 9°2 p.ct.; and experiments 
have shown that the ash of the clinker from Test A fused ot sith a 
at a temperature corresponding with Cone 9—+.e., 1280° C. ; | | oN ~ aenn! | 
whereas the ash of the clinker from Test B fused at the 
lower temperature of 1250° C. corresponding with Cone 8. 
The blue water gas and the blow gas produced in Test B 
contained larger percentages of carbon dioxide than the 
corresponding gases in Test A, indicating that the average 
temperature was probably lower in Test B in the portions 
of the fuel bed in which the water gas was produced. 

The percentage of nitrogen in the blue water gas was 
greatest in Test B, in which the output of the plant was 
smaller than in any other test, and it was least in Test D, 
in which the maximum output per day was attained. 
Generally speaking, the nitrogen content appears to be 
in inverse ratio to the output of the plant per day. This 
would have been anticipated from consideration of the 
methods of operation of the plant, since during the change 
from blow to run a certain amount of blow gas is driven 
through the scrubber to mix with water gas in the relief 
holder. The proportion of blow gas—and thus nitrogen— 
admixed with the blue water gas would consequently be 
greater in those tests with smaller yields of gas per day. 
The amounts of nitrogen in the blue water gas could have 
been reduced by altering the methods of manipulation of 





Sixth Report Tests—Average. 














TaBLeE I1V.—Pressuves, Temperatures, &c., on Plant. 











” 


outlet of scrubber 


Air, inlet of blower . 
generator . 


Blow gas, outlet of generator 





outlet of 


” 
” 





Water vapour accompanying blow gas, o 


Undecomposed steam, outlet of generat 
Water gas, inlet of scrubber 
Water, inlet of scrubber 


Difference generator base and top 


Scrubber outlet . by dies atte Ane 
Steam pressure at nozzles in lbs. per sq.in 


Steam delivered in lbs. per min. 
Water gas, outlet of generator. 


Air duct, outlet blower . 


Generator base 
Generator top. 











Steam pressure to turbine in Ibs. per sq. in. . 
‘Steam delivered to turbine in lbs. per min. 


Pressures in inches of water : 
Temperatures in °C,.— 








144 GAS. JOURNAL. {Jury 4, 1923. 





the valves in such a manner that smaller volumes of blow 
gas would have been sent forward with the water gas during 
the change from blow to run. Changes of this nature 
would have produced water gas of higher calorific values 
and with smaller proportions of inert constituents ; but the 
yields in cubic feet per ton of coke, and the thermal values 
of the gas made per ton would have been less, with the 
result that lower thermal efficiencies of gas production 
would also have been obtained. 

Since the daily consumption of steam by the turbine was 
about the same in all four tests, the amounts of steam used 
by the turbine in tons per ton of dry coke supplied to the 
generator were approximately inversely proportional to the 
output of blue water gas per day. The amounts of fuel in 
therms required to raise the steam for the generator and 
for driving the blower have been calculated on the basis of 
a 70 p.ct. boiler efficiency, which efficiency value was 
adopted in similar calculations in previous reports of the 
Committee. 

From experiments made during Tests A and B, it was 
found that the ammonia contents of the blue water gas at 
the inlet .to the scrubber were respectively 2°3 and 4°0 
grains per 100 c.ft. of gas ; these amounts being equivalent 
to 0°9 lb. of ammonium sulphate per ton of dry coke supplied 
to the generator in Test A and 1°3 Ibs. in Test B. 

From the compositions of the blow gases, it may be 
seen that the greatest proportion of carbon dioxide, 16°2 
p.ct., and the smallest amount of carbon monoxide, 6°2 
p.ct. were obtained during Test B. The conditions during 
this test were arranged with the object of ensuring a larger 
proportion of carbon dioxide than usual in the blow gas. 
This was accompanied, however, by a reduction in the 
make of blue water gas per day, and at the same time the 
carbon dioxide content of the water gas attained the high 
average figures of 8°2 p.ct. The gross and net calorific 
values of the blow gases have been calculated from the 
data given in the Appendix. 

The averages of the temperatures and pressures at 
different positions in the plant, recorded during the tests, 
are given in Table IV. The actual pressures at the 
generator base and generator top during the run periods 
gradually decreased from the beginning to the end of each 





TABLE V.—Analysis of Coke, Ashes, 


run owing to the reduction in the rate of production of 
water gas resulting from the falling temperature of the fuel 
bed and consequent lower percentages of steam decom- 
posed. The pressures in the air duct during the blow 
periods gradually rose from one clinker period to the next 
owing to the progressive increase in the resistance of the 
fuel bed resulting from the accumulation of clinker in the 
generator. The pressure at the scrubber outlet during the 
blow periods was that thrown by the relief holder. 

The average rates of flow of steam to the generator, in 
Ibs. per min. during the run periods have been calculated 
from the pressures of steam at the nozzles of the steam- 
meters, and the respective throat areas (vide Sixth Report, 
Section ITT.). 

The temperatures of the blow and run gases and of the 
undecomposed steam at the outlet of the generator and at 
the inlet to the scrubber have been deduced from series of 
readings taken every ten seconds during complete coking-to- 
coking periods. The temperatures recorded would be in- 
fluenced by the moisture content of the coke charged into 
the generator, the depth of the fuel bed, and the cycle of 
operation of the plant. It may be observed that lower 
temperatures are given for the undecomposed steam leaving 
the generator than for the water gas. This is accounted 
for by the fact that as each run period progressed and the 
temperatures diminished, smaller volumes of water gas 
were produced and larger quantities of steam remained un- 
decomposed. The methods by which these figures have 
been obtained, and the method of recording series of tem- 
perature measurements, are explained in Section IV. of this 
report, to which reference should be made. 

The results of analyses and determinations of the 
calorific values of dried samples of the coke used in the 
generator, and of the ashes, clinker, and dust withdrawn 
during the tests, are given in Table V. Determinations 
were also made of the temperatures of fusion of the ash 
contents of the clinker. For these experiments the 
samples of clinker were first powdered to pass through a 
thirty-mesh sieve. They were then heated in a muffle 
furnace at red heat to remove any combustible matter 
present. After mixing with an aqueous solution of 
gelatine, the ashed clinkers were moulded into cones of 


Clinker, and Dust (Dry Samples). 





















































| r 
Sixth Report 
Test | A. B. C. D. Testu—Average. 
Coke—proximate analysis : | 
Volatile matter . OPS a ay ee er ae gee ee aes 3°9 3°8 3°1 2°9 4°2 
NI pss ot ets es ae ant a enter Cee ee ee | 87'8 87°0 86°4 84°8 82°7 
Ash. Sikes me Xe a ad, et cane | 8°3 9'2 10°5 12°3 | 13°! 
| 
| 100°0 100°0 100°0 100°0 100°0 
Ultimate analysis : | 
POomMMs SOS « e ° 8°3 9'2 10°5 12°3 | 13°! 
Carbon. . 86'0 85°5 84°2 82°1 | 82°4 
Hydrogen . ‘ 0'9 09 o'9 o's o'9 
| - eee ee Pr . 1°97 1°7 1'9 2°i I°9 
Nitrogen and oxygen (difference). ‘ g°3 2°7 2°5 2°7 1'7 
100°O 100°0 100°0 100°O 100‘0 
Calorific value (gross) in B.Th.U. per Ib. 13,190 13,160 12,920 12,620 12,330 
Ashes—ultimate analysis : 
ES ane asia >: 47°3 36°1 516 69°2 60°7 
Carbon. 50°5 61°9 46°6 29°2 37°2 
Hydrogen . o°2 o'2 o°2 o°r o°2 
SORE oe ee 1's 14 13 1°5 1°2 
Nitrogen and oxygen (difference). o'5 o'4 o°3 0’o o'”7 
100°0 100°0 100°0 100°O 100'0 
Calorific value (gross) in B.Th.U. per Ib. (calculated). . . . . . . | 7:520 9,190 6,950 4,380 5,560 
Clinker—ultimate analysis : 
a ee Es a ee, Re bk Oe se, ee Oe 95'°7 95'°8 94°1 90°5 92'6 
ET ce Ga ae: 6 Loe ea ee ww eee 3°2 2°4 4°3 7 6°! 
Hydrogen . ' . o'o o'r o'r o'r o'r 
aa en . 2? r°7 I°5 "7 2° 
Nitrogen and oxygen (difference). 5 o'o o'o fod e) 0'o o'r 
100°0 100°0 100°0 100'0 100'0 
Calorific value (gross) in B.Th.U. per Ib. (calculated) . 540 460 730 1,230 980 
Dust—ultimate analysis : 
RTE a a ee a te ge 8 RE ee 15°3 17°9 21°6 16°3 17°6 
a i aie ie Se eo - Sr of 2 80°6 79°4 75°3 80°4 78°5 
Hydrogen . oe a e . i oiab ee o°4 0'4 o°4 O°4 o'5 
SOMPRGE SS 8 8s ee eis . <r . 2°0 2°0 2°2 1'8 1‘8 
Nitrogen and oxygen (difference). ; 1°77 o'3 0'5 I'r 1°6 
100°0 100°O 100'0 100°0 100°0 
Calorific value (gross) in B.Th.U. per Ib. 12,100 11,950 11,390 12,060 11,800 
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TasBLe VI.—Water Balances. 





Lbs. of steam per 1000 C.Ft. of Water Gas. 


Tents :t 








Water equivalent of water. gas . ee | 
Water vapour accompanying water gas . 


Total steam supplied to generator 


Total steam used. . 


| 
Ce Ss “on i. 4. 8 |e ageeeae 6 8 eo tige | 
Steam to generator decomposed, p.ct. 




















| Sixth Report 
A B | Cc. D Tee —Avneies: 

eres Eoaeee ermeearaeee, veer 
22°3. | azo. | 238 | 23 6 23'°8 
16'9 | 24°7 | 11°8 I1‘o 9'8 

| | sabsengeuniaili 
39°2 | 46°7. | 356 | 34°6 33°6 
665 | 89 | 44°3 40"4 36 2 

105°7 | 125°6 799 | 75° 69°8 

57 | 47 | 67 68 71 

| 





dimensions in. by } in. Thecones were gradually heated- 
up in a muffle furnace, and the temperatures of fusion were 
determined by comparison with standard Seger cones. The 
results obtained are given in the following table, which also 
includes the composition of the ash from each clinker as 
determined by analysis. 


Compositions of Ash from Clinker. 
-] l 








Test. | A B. C. D. 
siO, ee os erm pee we 35°2 36°9 38:9 
Al,O; ies “ue ve || 25°5 | 28°4 32°9 34°9 
Fe,O; vee sta wth See oS 15‘I 21°7 
CaO ane =a ol 87 8°4 76 29 
MgO soe ay coe os ed os o'2 o°2 
Softening temperature, °C. 1280 | 1250 1250 1230 





WATER BALANCES. 


Water balances showing the amounts of steam used in 
the various operations in the manufacture of water gas 
during the tests are given in Table VI. For the purpose 
of constructing these balances, the water equivalents of 





the water gas made were calculated from the compositions 
of the gases given in Table II. These figures therefore 
represent the weights of steam which must have been 
decomposed to produce 1000 c.ft. of blue water gas. The 
amounts of steam which accompanied the gas as it left the 
generator are given in the second item. The sum of the 
two items represents the total weight of steam supplied to 
the generator. The amounts of steam supplied to the 
turbine were calculated from the recorded pressures of 
steam on the nozzles of the turbine. The percentages of 
steam decomposed were obtained from the ratios of the 
steam converted into water gas, and the total steam supplied 
to the generator. The smallest proportion of the steam 
supplied to the generator, 47 p.ct., was decomposed in 
Test B, during which test the blow and run gases pro- 
duced contained the largest amounts of carbon dioxide. 
The percentages decomposed during Tests C, D, and the 
Sixth Report Tests were not widely different from one 
another, and ranged between 67 and 71 p.ct. 


DISTRIBUTION OF CARBON AND SULPHUR. 


Chemical balances for carbon and sulphur have been 
drawn-up from the results of analyses for the amounts of 
these elements in the coke supplied to the generator, the 
water gas made, the blow gas produced, and in the ashes, 
clinker, and dust withdrawn. These balances are set out 


TasLe VII.—Chemical Balances in Lbs. 











in Table VII., in which the figures represent the weights 
of these elements in Ibs. per 1000 c.ft. of water gas made. 
In the carbon balances, the amounts of carbon in the blow 
gas produced have been taken as the differences between 
the weights in the coke supplied to the generator and the 
total of the weights accounted for in the other items. 
This method of calculation of the carbon in the blow gas 
is not strictly accurate, since it includes a certain amount 
of solid carbon which was always carried forward up the 
stack by the blow gas and into the scrubber by the water 
gas; but it appeared the only method of calculation avail- 
able, and in any case the results obtained should be 
sufficiently accurate for the purpose of the tests. From 
the weights of carbon consumed during the blow periods, 
and the compositions of the gases which passed up the 
stack (Table II.), the volumes of blow gas produced per 
1000 c.ft. of blue water gas have been calculated, and the 
following results obtained. 


Volumes of Blow Gas per 1000 C.Ft. Blue Water Gas. 


; TEST. } B. Cc. D, 
Volume c.ft. one coe §=.-: 85 2236 2024 1913 


In Table VIII. the figures from Table VII. have been 
brought up in such proportions that the amount of each of 
the elements carbon and sulphur in the coke supplied to 
the generator is represented as 100. The items in 
Table VIII., therefore, show the distribution of carbon and 
sulphur as percentages of ‘the amounts present ‘in the 
original coke. It will be observed from a survey of the 
table that approximately 42 p.ct. of the carbon in the coke 
appeared in the water gas, 50 p.ct. in the blow gas, and the 
rest in the ashes, clinker, and dust. 


HEAT BALANCES AND THERMAL EFFICIENCIES 
OF GAS PRODUCTION. 


The heat balances of the process of production of water 
gas as adopted in the tests are set out in Table IX., in 
which the different items are given in therms per 1000 c.ft. 
of water gas made. Four sources of heat in the complete 
process are considered. 


(a) Heat supplied as fuel to the generator. 

(b) Fuel required to raise steam for the generator, 
calculated on the basis of a 70 p.ct. boiler efficiency. 

(c) Fuel required to raise steam for the turbine, 
calculated on the basis of a 70 p.ct. boiler efficiency ; 
and 


(d) Sensible heat of the air supplied to the blower. 


per 1000 C.Ft. Blue Water.Gas Made. 























| 
Gs hike 6s. 6. Wee Oe etl keg ° A, B. | Cc. | D. Sixth ee 
EE _ 1 
Carbon Balance— | | 
Coke Ty oe ee ee ee ee ae eee. ee 33°62 32°76 33 03 31°87 35°99 
ee. ss or 8 ee ee ee ae 13°97 13°28 | 13°91 | 14°29 14°52 
Bee Faces eis efehariiens ‘sy hetital 1°92 2°78 | £°S§5 | 1°38 2°13 
GPa. ee eee ee eee 0°02 o*OI 0°08 | o*to 0°14 
Se ae ae gt, wf ee ee 0°47 0°94 0°44 | 0°47 0" 40 
Blow gas (difference). . . . . + «+ «© « 17°24 15°75 | 17°05 | 15°63 18°80 
33°62 | 32°76 | 33°03 | 31°87 35. 99 
} 
Sulphur Balance— | | 
Coke . . 0° 665 | 0°651 | 0°745 | 0°815 0°844 
WORD GRR ae hie 6 ee od ORSF 0° 201 0°342 o 318 0418 
 . SSA ee ee ee oe 0° 063 0°043 | o'o9r 6°066 
Clinker . I AAT |;  0°608 0° 008 | 0°028 >| 0°023 0'026 
Dust... 6 6) fos es beso iene oe os 8} ond 0°024 "org | 0 010 0° 009g 
Blow gas, loss, &c. (difference). . . . + + «| O°36r - 0°295 : 97319 0° 393 0° 322 
f 0° 665 , o'651} 0° 745 o 815 0844 
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TaBLe VIII.—Distribution of Carbon and Sulphur. 


















































P Sixth Report Tests— 
ee Oe ey ee ae ee ae ee A. B. Cc. D. ian 
Carbon— 
RMR. ote ltr ae 6 eye, Mele ey eee 100'00 100'00 100°00 100'00 100°00 
We) a ae Re eet ree 40°54 42°12 44°84 40°39 
RMR U SSE ES) Set eT Sas Te ep ae 8°48 4°69 4°33 5‘91 
SE oc tas) te BOE, ce. ee, eet ee 0 1 EO 0°03 0°24 0°31 0°38 
3 bere Te Ror 9 ge Dee Tee hae wee BRIER 1°40 2°87 1°33 1°48 1°12 
Blow gas (difference). . . . . . «© « « « | 53°28 48°08 51°62 49°04 . 52°20 
100°00 100°00 100°0O 100°00 100°00 
Sulphur— 
ES RUNG: a eae acing te. Se ar te 100°0O 100°O 100°O 100°0 100°O 
TR. F0 bby ce tine e Xk en omy whim 34°! 40°! 45'9 39°0 49°6 
Benen ori iss wt ate aw ak 8'6 9°7 5°8 8°7 8*1 
Clinker. . . a°2 z*2 3°8 2°8 3°! 
 . he gia ee on eee 1°8 3°7 1°7 1*2 I‘! 
Blow gas, loss, &c. (difference) . 54°3 45°3 42'8 48°3 38'1 
100°0 100°O 100'0 100°0 100°0 
TaBLe 1X.—Heat Balances in Therms per 1000 C.Ft. Water Gas Made. 
Heat to raise steam = amount from 60° Fahr. (with 70 p.ct. efficiency) = 1116 — B.Th.U. per Ib. 
Sixth Report 
See Re ee , A B Cc. D ‘Teute—Anenege. 
Heat supplied— 
(a) Coke to generator or: ees ot ee a a Oe ae ee 5°156 5°043 5°069 4 900 5°387 
i Fuel to raise steam to generator ee See ee Oe eee ae ee 0°623 0°746 0°569 0°551 0°535 
(c) eee se A eS BEI, . T‘°059 1°257 0°708 0'643 0°578 
(a) Sensible heat of air to blower 0°005 0°003 0°006 Minus 0° oot 0°005 
6°843 7°49 6°352 6° 093 6°505 
Accounted for as follows— 
1. Water gas, potential heat . ae ee ae ae * 2°840 2°620 2°920 2'960 3°010 
2. » sensible heat . ote fee ; 0°157 0* 200 o* 161 oO 171 o*118 
3. Steam not decomposed (total heat) a : 0°243 0°377 0'176 0' 163 0134 
4. Blow gas, potential heat . . Me bee . 1°28g o°814 1°316 1°042 1*303 
Sc tan ORC Ss 8c DEES 2.10. 0 0, 8 ° 0°594 0° 696 0° 465 0* 462 0° 306 
6. Heat lost in raising steam to generator ; 0° 187 0°224 O'r71 0° 165 0* 160 
7. »  toturbine . . J 0°318 0°377 o'212 0" 193 0'173 
8. Heat of steam "used and care in turbine and d biower - 0° 737 0°876 0° 492 0° 446 0° 400 
g. Ashes, poténtial heat .. on he ‘ é 0° 285 O*412 0* 232 0° 207 0°318 
10. Clinker a6 ‘ err j'e Freel ty . 0°004 0°002 0'OI4 0'O17 0° 022 
11. Dust ° o0°o7I O°142 0'067 0'070 0° 060 
12. Ashes, clinker, and dust, sensible heat 0'016 0'O19 0°OI7 0°020 0°024 
13. Losses not separately determined, leakages, radiation, convection, 
&c. (difference). ¢,.0 + « © «© e « « o*102 0*290 0" 109 O'177 0°477 
6°843 7°049 6°352 6°093 6°505 

















The expenditure of the total heat in the four items is 
accounted for in thirteen items. 


(1) Potential heat of water gas, calculated from 
the gross calorific values in Table II. 

(2) Sensible heat of water gas at outlet generator. 

(3) Total heat of undecomposed steam at outlet 
generator—t.e., sensible heat plus latent heat. 

(4) Potential heat of blow gas, calculated from 
gross calorific values in Table II. 

(5) Sensible heat of blow gas at outlet generator. 
This item includes the total heat of the water vapour 
resulting from the evaporation of moisture in the coke 
charged into the generator. 

(6) Heat lost in raising steam for the generator ; 
these figures being 30 p.ct. of the figures in item ( . 

(7) Heat lost in raising steam for the turbine; 
these figures being 30 p.ct. of the figures in item (c). 

(8) Heat of the steam used and lost in the turbo- 
blower. These figures are obtained by deducting the 
heat added to the air as a result of compression in the 
blower from the total heat of the steam supplied to 
the turbine. The sum of items (7) and (8), and the 
heat added to the air by compression, is identical with 


item (c). 

(9),(10), and (11) Potential heats of ashes, clinker, 
and dust, calculated from the calorific values in 
Table V. 

(12) Sensible heat of the ashes, clinker, and dust, 
on the assumption that they were withdrawn from the 
generator at 800° C. 

(13) The balance, which includes losses not 
separately determined. 


In the calculations of the various items, the values of 
the heat capacities used were those given in the Appendix 
to this report. It should be noted that throughout the 





balances in Table IX., the calorific values were taken at 
ordinary temperature (15°5° C.), and that the figures for 
amounts of sensible heat represent the difference of the 
heat contents at ordinary temperature and the temperature 
of the substance under consideration. 

In the heat balances in Table X. the value of the total 
amount of heat supplied is taken as 100, and the other 
figures are in proportion, so that the items appear as 
percentages of the total heat supplied to the generator and 
required to raise steam. The balances indicate where the 
heat losses occurred, and, consequently, where possible 
economies might be effected. In the tests previously 
carried out (Sixth Report), the greatest individual loss was 
due to the potential heat value of the blow gas, item (4), 
which accounted for approximately 20 p.ct. of the total 
heat supplied. The average amount of heat lost as sensible 
heat in the water gas, blow gas, and undecomposed steam, 
items (2), (3), and (5), was approximately 8°6 p.ct. It was 
pointed out in the Sixth Report that the heat losses repre- 
sented by items (2), (3), (4), and (5) could be reduced 
considerably by the installation of a waste-heat boiler ; 
and that in all probability sufficient steam could be raised 
in this manner to supply the generator and turbo-blower. 
This conclusion was supported by investigations described 
in the Seventh Report. It was also mentioned in the Sixth 
Report that an alternative method of diminishing the loss 
of heat due to the potential heat of the blow gases might 
be to reduce the amount of carbon monoxide carried away 
up the stack by changes in the operation of the plant, in 
so far as such changes could be made without prejudice 
to the efficient production of water gas during the run 
periods. 

The purpose of the present investigation was to ascertain 
whether, by means of a more shallow bed of fuel and the 
production of a blow gas containing a larger proportion of 
carbon dioxide, the manufacture of water gas could be 
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TaBLe X.—Heat Balances P.Ct. 


Heat value of total fuel to generator and for raising steam = 100. 






































| Sixth Report 
De ee See BSG OI: dil, eR NU ental ang A. B. C. D. Teste—Average. 
| a) 
Heat supplied— | 
(a) Coke to generator . ... . 75°35 71°54 79°81 80°42 82 81 
(b) Fuel to raise steam to generator. 9°10 10°59 8°96 9°04 8°22 
* ae a ib turbine 15°48 17°83 II‘t4 hia 10°56 8°88 
(d@) Sensible heat of air to blower 0°07 0°04 0*09 | Minus 0°02 0'09 
100°00 100°00 100°00 100°00 100°00 
| 
Accounted for as follows: 
1. Water gas, potential heat . 41°50 37°17 45°97 | 48°58 46°32 
2. » o Semsibleheat . .. . 2°29 2°84 2°53 2°81 1°82 
3. Steam not decomposed (total heat) . 3°55 | 5°35 2°77 2 67 2°06 
4. Blow gas, potential heat ... . 18°84 | 11°54 20°72 17°10 20°02 
5. oo <0) Semeibio Bent... 2 a. % 8°68 9°87 7°32 7°58 4°71 
6. Heat lost in raising steam to generator . 2°73 3°18 2°69 2°71 2°47 
ye) ot pede Clee » turbine o is 4°65 5°35 3°34 3°17 2°67 
8. Heat of steam used and lost in turbo-blower . 10°77 12°43 7°75 7°32 6°15 
g. Ashes, potentialheat . . . .. +... 4°17 5°85 3°65 3°40 4°89 
to. Clinker = * . « 0°06 0°03 0°22 0°28 0°34 
11. Dust + as 5 Sate ae OF 1°04 2°o1 1°05 rts 0'93 
12. Ashes, clinker, and dust, sensible heat . or oe) ee os ae 0°23 0°27 0°27 0°33 0°37 
13. Losses not separately determined, leakages, radiation, convection, 
&c. (difference) . Et BIg Sa he Pps tel) le) SOMME ell Sei ingt go ag 1°49 4°11 1°72 2°90 7°25 
100°00 100'00 100°00 100°00 100°00 
Efficiency of gas production p.ct.— 
Fuel for steam for generator and turbine taken into account . 41'5 37°2 46'0 48°6 46°3 
Fuel for steam for generator and turbine ot taken into account . 55°0 | 51°9 57'5 60°4 55'8 








carried out more efficiently than according to the method 
of operation described in the Sixth Report. From the 


balances in Table X. it may be seen that in Test B theloss | 
resulting from the potential heat value of the blow gas was | 


11°5 p.ct., as against 20 p.ct. in the Sixth Report tests. 
The reduction of 8°5 p.ct. in the loss from this source, 
however, was achieved at considerable expense in other 
directions. The fuel required for raising steam, items (b) 
and (c), was increased from 17'1 p.ct. to 28°4 p.ct., and 
larger quantities of heat were lost by increases in items (3), 
(5), (6), (7), and (8). Further, the calorific value of the 
water gas produced was only 262 B.Th.U. gross per c.ft., 
with the result that the thermal efficiency of the process 
was 37°2 p.ct. as against 46°3 p.ct. in the Sixth Report 
tests. Another very important point is that the output of 
the plant was much lower; the make of water gas per day 
in Test B being 307,700 c.ft., whereas in the previous 
investigation the average make was 564,200 c.ft. 

The extent to which the carbon consumed during the 
blow periods was burned to carbon dioxide is readily shown 
by the value of the ratio of the volume of carbon dioxide to 
the volume of carbon monoxide in the blow gas produced. 
For convenience in comparison, the values of this ratio for 
the several tests have been arranged in the following table, 
which also includes the efficiencies of gas production from 
Table X. and the yields of water gas per day from Table II. 


Efficiencies of Gas Production and CO,/CO Ratios in 

















Blow Gas. 
; | | | Sixth 
TEST. Rw cio Be Cc. | Report 
Thermal efficiencies, p.ct.— } 

Fuel for steam included ... 4 one 37°2 46°0 8°6 46°3 

Fuel for steam no? included 350 | 5t'9 57° "og 558 

Carbon dioxide in blow gas, p.ct.... | 13°6 16°2 11" 12° 12°2 

Carbon monoxide in blow gas, p.ct. 11's 62 150 138 12°8 
Ratio CO,/CO ahd i be 1°18 2°62 0°79 0°88 0°95 
Gas made per day, c.ft. «- | 364,400 307,700 | 564,900 | 614,400 | 564,200 








From these figures it may be seen that in Tests C and | 


D, and those of the Sixth Report, in which the over-all | 


efficiencies of gas production ranged between 46°0 and 48-6 
p.ct., the values of the ratio carbon dioxide to carbon 
monoxide in the blow gas were less than unity—i.e., the 
blow gas contained more carbon monoxide than carbon 
dioxide. In Test A, in which the ratio was 1:18, the 
efficiency was 41°65 p.ct.; and in Test B,in which the ratio 
reached the high value of 2°62, the over-all efficiency was 
only 37:2 p.ct. It would thus appear that the manufacture 
of blue water gas by the intermittent process can be carried 
out more efficiently, and with a greater output of gas per 
day, when the ratio carbon dioxide to carbon monoxide in 
the blow gas is about 0-9 than when this ratio is greater 
than unity ; it is also advisable, when the steam supplied to 
the generator is not superheated, that the depth of fuel 
should be not less than 6 ft. 











The highest thermal efficiency, 48°6 p.ct., and the largest 
make of gas per day, 614,400 c.ft., were both obtained in 


Test D with a fuel depth of 6 ft. Since the completion of 
the tests, the ordinary routine of operation of the plant has 
been changed from the conditions of the Sixth Report to 
those of Test D ; and it has been proved that the increased 


- make per day is not merely a special test figure, but that it 


can be achieved in regular working. 


WASTE-HEAT BOILER AND PROBABLE 
INCREASE IN EFFICIENCY. 


It now remains to ascertain whether the steam required 
for the generator and turbo-blower, under the conditions of 
the tests, could be raised by the recovery of heat from items 
(2), (8), (4), and (5) ofthe thermal balances by means of a 
waste-heat boiler. Calculations have therefore been made 
of the heat available for use in a waste-heat boiler, on the 
assumptions that (i.) the effluent water gas and undecom- 
posed steam leave the boiler at 800° C., (ii.) the potential 
heat of the blow gas is liberated by combustion with air in 
such proportion that the product gases contain 8:0 p.ct. 
oxygen, and (iii.) the products of combustion leave the 
boiler at 800°C. Owing to the admixture of blue water 
gas at the beginning of each air-blow, and the change in the 


| composition of the blow gas during each blow period, there 


would be some difficulty in arranging the proper regulation 
of the air supply to ensure the correct air-gas mixture in 
the combustion chamber, which it would be necessary to 
instal. Further, there would be some loss of heat by 
radiation and convection from the waste-heat boiler and 
combustion chamber. For these reasons, 70 p.ct. of the 
heat available on assumptions (i.), (ii.), and (iii.) has been 
taken to represent the heat value of the steam raised. By 
this method of calculation it has been concluded that the 
following amount of steam in lbs. per 1000 c.ft. of water 
gas made could be raised in a waste-heat boiler. 





| Sixth 


TEST. | A. ae D. | Rapert. 








| 
| | 
79 | or | 76 | 74 


| | 


106 | 126 | 80 | 75 | 7o 


Steam from waste - heat | 
boiler in lbs. (calculated) | 93 
Steam supplied to generator | 
and turbine, lbs. dice | 








The amounts of steam which would probably be raised 
in Tests C and D and those of the Sixth Report are more 
than required for the generator and turbo-blower, so that 
by the installation of a waste-heat boiler the thermal 
efficiencies of gas production in the tests named should 
respectively become 57°5 p.ct., 60°4 p.ct., and 55°8 p.ct. In 
tests A and B the calculated amounts of steam are less 
than those required for the generator and turbine. 
Crediting the process in the two instances with the heat 
which might be recovered in a waste-heat boiler, the 
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Taste X1.—Results per tooo C.Ft. of Water Gas Made. 














| 
| Sixth Report 
REE SESS ae Pe rr ee ee ae ere A. B. | Cc. D. ie Fs meh Average. 

Coke (dry) in Ibs. to generator . 39°09 38°32 39°23 38°83 | 43-69 
Coke (dry) in Ibs. to raise steam (70 p. ct. efficiency) « . 12°76 15°22 9°88 9°46 9°03 
Total coke (dry) i in Ibs. to generator and for raising steam . 51°85 53°54 49°11 48°29 ' 52°72 
Carbon in lbs. in coke to generator . 33°62 32°76. | 33°03 31°87 35°99 
Carbon in lbs. in coke to raise steam (70 Pp. ct. efficiency) 10°96 13°01 8°32 TTT | 7°43 
Total carbon i in lbs, to generator and for — steam . 44°58 45°77 | 41°35 39°64 | +43°42 
Steam in Ibs. to generator . Higgs th 39°2 46°7 35°6 34°6 33°6 
Steam in Ibs. toturbine. . 66°5 78°9 | 44°3 40°4 | 36'2 
Total steam in Ibs. to generator and turbine 105°7 125°6 | 79'9 75°0 69°8 
Air supplied in c:ft. at 60° Fahr. and 30 in. 1879 2046 | 1736 1722 | 2337 
Blow gas produced in c.ft. at 60° Fahr. and 30 in. 2185 2236 2024 1913 | 2370 
Thermal value of water gas in therms (gross) . 2°840 2°620 | 2°920 2*960 3010 
Thermal value of coke to generator in therms (gross) ‘ 5°156 5°043 5°069 4°900 | 5°387 
Thermal value of coke to raise steam in _— ae 1°682 2°003 1°277 1*194 I°1r3 
Thermal value of total coke " 6°338 7°046 6*346 6°094° | 6*500 
Efficiency of gas production, p.ct.— j 

Fuel for steam for generator and turbine taken into account . 41°5 37°2 46°00 48°6 46°3 

Fuel for steam for generator and turbine not taken into account 55°0 51°9 57°5 60°4 55°8 





thermal efficiencies would become 52:9 p.ct. in Test A and 
45°8 p.ct. in Test B ; so that even with the installation of a 
waste-heat boiler, those tests in which the ratio of carbon 
dioxide to carbon monoxide in the blow gas was less than 
unity (about 0°9) would be the most efficient. As a result 
of these calculations and the experience gained in the 
investigation described in the Seventh Report, it may be 
concluded that a waste-heat boiler is a satisfactory means 
of improving the efficiency of the intermittent process of 
manufacture of blue water gas as at present practised. 


SUPERHEATED STEAM. 


Although it has not. been possible to include in this 
investigation tests in which superheated steam was 
supplied to the generator, reference to the subject should 
perhaps be made. It is obvious that if the steam supply 
could be superheated by the use of heat which would 
otherwise be wasted, there would be distinct advantages. 
It is not probable, however, that the superheating of steam 
would in itself prove to be as efficient a means of heat 
recovery as a waste-heat boiler. If the steam were super- 
heated by the use of fuel additional to that ordinarily 
required in water gas manufacture, it is very doubtful 
whether the extra fuel required would be compensated for 
by any advantages gained. When water gas is manu- 
factured in the usual manner, the upper and lower layers of 
the bed of fuel act as steam superheaters in the down and 
up runs respectively ; but, as a result, the effective depth of 
fuel at a sufficiently high temperature to produce water 
gas is correspondingly reduced. If the steam were super- 
heated before entering the generator, then a shallower bed 
of fuel would be required to give the same conditions of 
water gas production during the run periods. 


SUPPLEMENTARY DATA. 


It is useful, when making comparisons of different types 
of water.gas generators and different modes of operation, 
to have approximate data for the make of gas per sq.ft. 
of grate area, the time of contact of the gases with the 
fuel bed, &c. The following figures are therefore given as 
representing the approximate conditions which obtained in 
the tests described in this report. The grate area of the 
generator was about 28 sq. ft. 


(1) Average make of water gas per minute during run 
periods per sq.f.t of grate area, in c.ft. at 60° 
Fahr. and 30 in. 


Test A B o* D 
Volume in c.ft. ... nes 14 12 23 26 


(2) Average amount of steam supplied per min. during 
run periods per sq.ft. of grate area. 


Test A B Cc D 
Steam in lbs. a ie o'5 05 0.8 o'9 


(8) Average time of contact of the gases with the fuel in 
the generator during run periods. These times 
were calculated on the assumptions that the average 
temperature of the fuel bed was 800°C., and that 
the actual volume of the fuel was equal to the 
volume of the interspaces. 


Test A B Cc D 
Time-contact in secs, ms 2°2 2°5 18 2°0 











For convenience in reference, a number of the results 
obtained per 1000 c.ft. of gas made in the blue water-gas 
tests have been grouped together in Table XI. 


SECTION II. 


DEPOSITION OF DUST IN WATER-GAS PLANT. 


In the Sixth Report of the Gas Investigation Committee, 
reference was made to the trouble caused by the deposition 
of a yellow brown powder in a finely divided condition in 
the sections of the plant beyond the scrubber and even 
beyond the relief holder. In the main at the outlet of the 
scrubber the deposit’ was usually found as a wet paste 
which could be removed by periodic flushing with water. 
Further along the main, as it passed through the cellar of 
the horizontal retort house, the deposit was in a drier 
condition ; it could not then be entirely removed by flushing 
with water, so that evéry two or three months it was 
necessary to clear the main by means of scrapers. The 
greatest trouble resulted from the deposition of the dust at 
the bends between both inlet and outlet valves and the 
holder. The deposit has never been entirely removed from 
these bends, though it has been kept within reasonable 
limits by flushing the main with water during clinkering 
periods two or three times each week. 

During the tests on the carburetted water-gas plant at 
Windsor Street, Birmingham (vide Seventh Report), no 
trouble was caused by any similar deposit, though it was 
proved by experiments carried out at the outlet generators 
that dust of the same character was carried forward to the 
carburettors by the blue water gas made. The dust must, 
therefore, have been removed from the gas during passage 
through the carburettors and superheaters, or carried away 
by the tar which condensed out afterwards. 

The fact that the dust passed through the scrubber and 
relief holder of the blue water-gas plant at Adderley Street 
indicates the difficulties to be encountered in attempts to 
precipitate it completely at any convenient point. Different 
materials, such as wood-wool, coke sprayed with water, 
and spent oxide have been tried in the dust boxes (be- 
tween the scrubber and the relief holder), with the object of 
filtering the crude gas. The relatively small capacity of 
the boxes and the large volumes of gas to be dealt with have 
necessitated the use of filtering material in a coarse con- 
dition, with the result that the experiments so far conducted 
on the large scale have not been entirely satisfactory, 
though the trouble has to some extent been diminished. 
Filtering material in a finely-divided condition could not be 
used in the boxes, since, owing to the small dimensions, the 
resistance offered to the flow of gas would have resulted in 
high pressures in the generator and scrubber. Further, in 
consequence of the high velocity of the water gas during 
passage through the boxes, much of the filtering material 
would have been carried forward. 

Small-scale experiments have been tried with a view to 
devising a satisfactory method of removing the dust. From 
a hole drilled in the main between the scrubber and the 
dust boxes, samples of the crude gas were made to pass 
through the following train of apparatus. 


1. A wash bottle containing either water or gas oil, or a 
tower filled with oxide of iron in the finest state of 
division usually used in oxide purification. 








2. Two tubes, in series, containing previously dried 
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‘cotton wool; these tubes were placed inside a larger 
tube through which steam was passed to prevent 
the condensation of moisture in the cotton wool. 

8. A large glass mixing bottle of about eight litres 

capacity. 

4. A tube containing previously dried cotton wool. 

5. An oxide purifier. 

6. An experimental gas-meter. 

In the first series of experiments, the apparatus described 
under item (1) was omitted, since the object was to 
determine the amount of dust which could be removed, 
from the water gas by means of cotton wool. The tubes 
items (2) and (4), were dried and weighed before and after 
each experiment, and the increase in weight represented 
the dust content of the water gas. The object of the 
mixing bottle, item (8), was to give an opportunity for the 
blow gas swept from the generator at the commencement 
of each run to mix with blue water gas, in case this had 
not occurred to the required extent in the scrubber of the 
plant. This precaution was taken since the blow gas 
contained sulphur dioxide, and the water gas contained 
sulphuretted hydrogen; and on coming in contact with one 
another, these two constituents would interact to produce 
free sulphur. It was found, however, that no increase in 
weight occurred in the cotton wool contained in the tube 
following the mixing bottle, so that it would appear. that 
the interaction of sulphuretted hydrogen and sulphur 
dioxide had been completed before the gas left the scrubber. 
The purpose of the oxide purifier, item (4), was to purify 
the gas before measurement in the test meter. 

Series of experiments were carried out in order to ascertain 
whether the dust in the water gas could be removed by 
scrubbing with water or oil, or by passage through a layer 
of fine oxide of iron. In the experiments with oil and with 
water, the gas was made to pass through a glass tube 
to the bottom of the wash-bottle. During its passage up- 
wards through the water or oil, the gas was split up into 
very small bubbles by means of fine copper gauze placed 
horizontally in the wash-bottle well below the surface of 
the liquid. By weighing the tubes containing cotton wool, 
item (2), before and after each experiment, determinations 
were made of the dust content of the water gas as it left the 
scrubber of the plant, and after treatment with the washing 
or filtering agents employed. Averages of the results are: 


Dust CoNTENT OF CRUDE WATER Gas. 
__ Grains per 100 C.Ft. 





Gas leaving 


After washing 
scrubber 


After washing 
with gas oil 


e After passage 
with water 


through iron oxide 





15 12 12 I 





From these results it may be seen that further scrubbing 
with water or gas oil only reduced the amount of dust in 
the water gas from 15 to 12 grains per 100 c.ft. The 
experiments in which the gas was filtered through fine iron 
oxide proved very successful, for the dust in the gas was 
reduced to the low value of 1 grain per 100 c.ft., which 
amount is of the order of the error of experiment. This 
method therefore gives promise of solving the problem. 
Spent oxide has also been used with equal success. Experi- 
ments with fine iron oxide on the large scale have not 
been tried, since it would be necessary to instal dust boxes 
of dimensions of the order of oxide purifiers between 
the scrubber and the relief holder; and this has not been 
possible up to the present. 

Samples of the dust deposited in different parts of the 
plant and of a scum which formed on the surface of the 
water in the seal of the overflow at the bottom of the 
scrubber were collected and dried for purposes of analysis. 
The following compositions are typical : 


ComposiTions oF Dust 1n WATER-GAS PLaNnT, 
Percentages by Weight. 

















- j Main between Rotary Scum from 

Position of Deposit Scrubber and | Gas- Scrubber 

Relief Holder | Meter Overflow. 

Carbonaceous and tarry | 

__ matter ies eke sep 18°5 | 14°0 _ 
Matter soluble in water 77 18°6 _— 
1 otal sulphur 14°2 10°0 I2°2 
Silica ... nt ads ow OHS. 47°9 51°9 32°6 
Oxides of iron andaluminium 9°8 | 3°7 7°5 





Determinations by means of carbon bisulphide proved 
that the sulphur in the sample was present almost entirely 
as free sulphur. It is interesting to compare the results 
of analysis of the dust with the following figures, which are 
typical of the compositions of the ash of the coke supplied 
to the generator during the tests described in the Sixth 
Report. ' 

ComposiTION oF ASH oF COKE. 

Percentages by Weight. 


Total sulphur... om oe Ae I't 
Silica ... AMS ee oe 63 42°8 
Oxide of iron ... oe vias Seb 22°1 
Oxide of aluminium ... we 23°6 


From the results given, it may be observed that in the 
ash of the coke supplied to the generator, the sum of the 
amounts of oxides of iron and aluminium was approxi- 
mately equal to the amount of silica. In the dust deposited 
in the water-gas plant, however, the weight of silica was 
very much greater than the weight of the compounds of 
iron and aluminium. Further, there was a considerable 
quantity of free sulphur in the dust. It is evident, there- 
fore, that the dust does not consist merely of the smaller 
particles of ash produced from the coke in the generator 
and carried forward with the water gas. Such ash would 
be almost entirely removed.in the scrubber. 

It is probable that since the dust was in a very fine state 
of division, the constituents silica and sulphur were the 
products of gaseous reactions. Part of the free sulphur 
was undoubtedly produced by the interaction of the 
sulphuretted hydrogen in the water gas and the sulphur 
dioxide in the blow gas swept forward through the 
scrubber at the commencement of éach run period; but 
part of the sulphur may have resulted from the formation 
and decomposition of sulphuretted hydrogen during passage 
through the layers of fuel at different temperatures in the 
generator. The silica may have been produced by the 
formation and decomposition of gaseous compounds of 
silicon, such as silico-methane. 2 


SECTION III. 
PRELIMINARY EXPERIMENTS. 

As already pointed out in the first section of this report, 
the plant at the Adderley Street Works of the Birmingham 
Gas Department is in daily use for the manufacture of 
blue water gas, which is afterwards mixed with straight 
coal gas in the preparation of the town supply. It 
was therefore necessary to carry out’a number of pre- 
liminary trials of a few hours’ duration only, in order to 
determine satisfactory methods of operation with different 
depths of fuel, before complete tests of forty-eight hours’ 
duration could be commenced. Since a detailed account 
would necessitate the inclusion of a large number of 
analyses, temperature measurements, &c., it is intended to 
give only a general account of the preliminary experiments 
and the results obtained. 

For the first series of experiments with the fuel bed 
at different depths, the method of operation of the plant 
adopted during the tests described in the Sixth Report 
was retained. According to this method of operation, a 
normal cycle consisted of one minute blow with the blast 
valve full open, followed by one minute steaming in an 
upward direction, at a rate of 20°7 lbs. per min., two- 
and-a-half minutes down run .at 19°8 lbs. per min., and 
a half-minute up run at 20°7 lbs. per min. Each 
addition of fuel to the generator at intervals of forty-one 
minutes was followed by one five-minute cycle, including 
one-and-a-half minutes blow and three-and-a-half minutes 
up run at 20°7 lbs. per min., before the normal cycles 
were commenced. The general nature of ‘the results of 
the trials with this method of operation at average fuel 
depths of 5 ft. 8 in., 4 ft. 1 in., 3 ft. 7 in., and 2 ft. 9 in. 
is indicated by the figures given in Table A. 


























Table A, 
Depth Composition of Gas Volume, P.Ct. | Pressures, In, of Water 
of Air Duct | 
Fuel. Blow Gas Water Gas Outlet Fan tet 
ee — - = cru r 
Ft.in. | CO, O, co COg O. | CO | Blow | Run | 
| } 
5 8 II'5 | oo 14°4 4°1 ovr 4I'I | 16:2 | 20°97 9°5 
4 1 | 12:7 | ox | 12°3 | 5:0 | 0°0 | 40°2 | 15°0 | 21°0 77 
=z 9 14°5 | oo 9°5 5°4 oo | 38°6 | 14°5 | 20°5 62 
29 2"0 73 o'r 35°9 | 12°§ | 20°5 5°90 
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The figures given in Table A for the compositions of 
the blow and run gases are the averages of samples taken 
during complete coking-to-coking periods. Changes in the 
quality of the fuel used may have influenced in detail, 
but not in general character, the results obtainéd during 
the four trials. The gradual reduction in the pressure of 
the air at the outlet of the fan during blow periods indicates 
that as the depth of the fuel bed was lowered there was a 
diminution in resistance to the air-flow. More air must, 
therefore, have passed through the fuel at the lower depths. 
At the same time, the blow gas produced contained larger 
quantities of carbon dioxide, so that more heat must have 
been developed by the combustion which took place. At 
the lowest depth, however, it is doubtful whether the 
figures given represent the true composition of the blow 
gas as it left the top of the fuel bed, for one of the 
samples taken from the stack at the position indicated in 
Diagram II. contained 0°6 p.ct. of oxygen. This leads to 
the conclusion that channelling occurred, with the result 
that some of the air passed through the generator without 
having been in contact with hot fuel. In such a case, part 
of the carbon monoxide produced would probably be 
oxidized to carbon dioxide after leaving the fuel bed but 
before reaching the position of sampling in the stack. The 
blow gas produced in the bed of fuel itself might, there- 
fore, have contained more than 2’0 p.ct. of carbon monoxide, 
and less than 17°4 p.ct. of carbon dioxide. 

Since the resistance of the plant beyond the scrubber 
was approximately the same during the four trials con- 
sidered in Table A, the average pressures during run 
periods at this point gave an approximate measure of the 
relative rates of production of blue water gas. From the 
figures given in the table, it may be seen that the pressure 
was less with the lower depths of fuel, so that a smaller 
volume of water gas must have been produced in a given 
time; and larger.quantities of steam passed through the 
generator without undergoing decomposition. 

In the trial at the lowest fuel depth, 2 ft. 9in., air was 
supplied to the generator at the maximum rate which could 
be adopted in regular practice; for under the conditions of 
this trial, coke was blown up into the stack during the blow 
periods ; and while the stack valve was being closed, pieces 
as large as lin. diameter were sometimes deflected on to 
the generator platform. 

Experiments were then made with a fuel depth of about 
3 ft.; and the same method of operation of the plant as that 
adopted during the tests of the Sixth Report, except that 
during the blow periods the blast valve was opened to the 
position required to reduce the pressure in the air-duct toa 
desired value, was resorted to. The rates of flow of air 
were therefore restricted to definite amounts. In addition 
to average samples of the blow gas and water gas produced, 
samples were taken for the purpose of tracing the changes 
in the compositions of these gases during individual blow 
and run periods. In the experiments in which the blast 
valve was opened to give a pressure of 15 in. water gauge 
in the air-duct, the average amount of carbon dioxide in 
the blow gas produced was 16'5 p.ct., in the water gas the 
carbon dioxide was 7°4 p.ct.,and the amount during the 
last half-minute up run averaged 12°6 p.ct. 

The large amount of carbon dioxide contained in the 
water gas made during the last half-minute up run of the 
experiments at a fuel depth of about 3 ft., when the plant 
was operated according to the cycle adopted in the Sixth 
Report, and the large quantities of steam which passed 
through the generator without undergoing decomposition, 
led to the conclusion that the cycle should be rearranged 
by reducing the rate of flow of steam during the last part 
of each normal five-minute cycle. The following method 
of operation of the plant was therefore adopted for the 
next series of experiments with shallow beds of fuel. The 
generator was charged with coke to the required depth 
every thirty minutes. Each charging of the generator was 
followed by a one-minute blow and a three-minute up 
run at a rate of 20°7lbs. per min. Then followed five 
normal five-minute cycles, each consisting of one minute 
blow, one minute up run at 20°7 lbs. per min., two 
minutes’ down run at 19°8 lbs. per min, and one minute 
up run at 16 lbs. per min., before the generator was 
recharged with fuel. During the blow periods, the blast 
valve was opened to the position required to reduce the 





pressure in the air-duct between the generator and the fan 
to 15 in. water gauge; the pressure at the same point 
when the blast valve was closed was 20'5 in. For a 
period of about thirty minutes before the time arranged 
for clinkering, steaming was operated in an upward 
direction only at 20°7 lbs. per min., and extra fuel was 
added to allow for the material removed by the clinkering 
operations. 

The first two experiments with this method of operation 
of the plant were conducted at a fuel depth of about 
3 ft.2in. The average amount of carbon dioxide in the 
blue water gas made during the last one-minute up runs 
of normal five-minute cycles was 10°0 p.ct. Samples of 
water gas and blow gas taken during complete coking-to- 
coking periods throughout a clinker-to-clinker period, 
contained average quantities of carbon dioxide of 6'6 p.ct. 
and 15°4 p.ct. respectively. 

A comprehensive series of experiments was then carried 
out with the same method of operation of the plant, but at 
a fuel depth of 2 ft. 9 in. This series included investi- 
gations of the following subjects. 


1, The average compositions of the blow gas and water 
gas produced during individual blow and run periods 
and throughout complete coking-to-coking periods. 

2. The changes in the compositions of the gases during 
the progress of separate blow and run periods. 

3. The quantities of sulphuretted hydrogen contained in 
average samples of the water gas made, and in 
samples collected during individual up runs and 
down runs. 

4. The percentages of steam decomposed during the 
different steaming operations. 

5. The temperatures at which the blow and run gases 
left the generator at the different stages of operation 
of the plant. ; 


In this series of experiments, the average amounts of 
carbon dioxide in the blow gas produced and in the water 
gas made, were respectively 16°7 p.ct. and 7°4 p.ct. The 
average carbon dioxide content of the water gas at the 
commencement of the four-minute runs of normal five- 
minute cycles was 4'7 p.ct., and during the last one- 
minute up runs it was approximately 10°5 p.ct. Several 
of the samples of blow gas contained amounts of oxygen 
which indicated that channelling in the fuel bed had 
probably occurred. This was specially noticeable during 
the periods of upward steaming immediately preceding 
clinkering, when the amounts of 1°9 p.ct. and 3°2 p.ct. of 
oxygen were found in two of the samples representing the 
gases produced in individual blows. 

From the determinations of the quantities of sulphuretted 
hydrogen in the blue water gas, it was found—as in the 
experiments described in Section II. of the Sixth Report— 
that the water gas produced during up runs contained more 
sulphuretted hydrogen than the gas produced during down 
runs. 

Considerable quantities of steam passed through the 
generator without undergoing decomposition, for, of the 
total amount supplied, only about 36 p.ct. was converted 
into water gas. The volume of gas made per day must 
therefore have been much lower than during the tests 
at a fuel depth of 7 ft., described in the Sixth Report, when 
although more steam was supplied to the generator, the 
amount decomposed was approximately 70 p.ct. 

The average temperatures at which the water gas and 
undecomposed steam left the generator were between 
500° and 600° C.; and the average temperature of the 
blow gas at the top outlet of the generator was approxi- 
mately 780° C. 

From the results of the series of experiments just de- 
scribed, it is clear that the process of manufacture of water 
gas could not be carried out efficiently at a fuel depth of 
2ft.9in. under the particular conditions of operation 
adopted. Before conducting further experiments at a 
depth of 2 ft.9in. with other cycles of operation, it was 
decided that useful information might be obtained by 
retaining the same cycle while, at the same time, the depth 
of the fuel was gradually reduced. The generator was 
therefore charged to the greatest depth, 8 ft. 3in., at which 
it could be operated. The bed of fuel was then submitted 
to aseries of five-minute cycles consisting of one-minute 
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blow at a blast pressure of 15 in. (measured in the air- 
duct) followed by a one-minute up run at 20°7lbs. per 
min., a two-minute down run at 19°8 lbs. per min., 
and a one-minute up run at 16lbs. per min. This five- 
minute cycle was repeated without recharging the 
generator until the depth of the fuel bed had been reduced 
to about 2ft. The fuel depth was measured every 
thirty minutes, so that there were six five-minute cycles 
between each measurement. Average samples of the 
gases produced in individual one-minute blow periods and 
four-minute run periods were taken during the third and 
fifth cycles after each measurement. Samples of the gases 
produced in the fourth five-minute cycle were taken in 
fractions, so that, from the analyses, the changes in com- 
position during separate blow and run periods could be 
traced. . Measurements of the temperatures of the gases in 
the outlets of the generator were also recorded. The 
average compositions of the samples taken in the third and 
fifth cycles are set out in Table B, which also includes the 
computed fuel depths at the times of sampling, and the 
pressures of water gas at the outlet of the scrubber. 

















Table B. 
Compositions— Volume P.Ct. ; , 
Fuel Depth hee seagee in 
Blow Gas Water Gas eo tga 
Ft. in. ee eee i a A —— | Scrubber, 
co, 0, Co Tea Tt a Te 
7 8 13'0 o'r 12°3 4°7 | o°0 | 42°2 | xo0°'o 
6 8 12'9 o'r 12°6 3°7_ | oo 43°99 | 10°0 
5 9 13°3 o'r 12°3, | 39 | ovr 43°06 | 102 
a 3 13°8 o'r 1o°g | 4°I | O'L 42°9 9°7 
3 6 15'2 orl 8°7 | 54 | oo | 41°3 | g'2 
29 17'9 | o'r Zt -|, O7: | ors | -39°3 KS 
2.2 150 | 3°7 16 86 or | 362 | 6°2 








In considering the results in this table, it should be 
remembered that the conditions of operation differed from 
those of ordinary practice in that no fuel was charged into 
the generator during the experiment. The figures, how- 
ever, show that there were no important differences in the 
compositions of the gases produced when the fuel depth 
was greater than 5ft.9in. Below this amount, a reduc- 
tion in the depth of fuel was accompanied by increases in 
the carbon-dioxide contents of the blow gas and water gas, 
and a reduction in the rate of manufacture of water gas, 
as shown by the pressures at the outlet of the scrubber. 
Below a depth of 3 ft. 6 in., the rate of production of water 
gas fell away rapidly. The 3°7 p.ct. oxygen contained in 
the blow gas at a depth of 2ft.2in. indicates that 
channelling had occurred; this was confirmed by examina- 
tion of the fuel bed at this depth. The average tempera- 
ture of the blow gas leaving the generator increased from 
about 500°C. at a depth of 7 ft. 8in. to about 830°C. at 
a depth of 2 ft. 2 in. 

From consideration of the results of the experiments so 
far described in this section, it was concluded that the 
minimum average depth of fuel at which the plant could 
be operated with any approach to uniformity was about 
4ft. A series of five experiments at this depth was there- 
fore carried out with different methods of operation. The 
cycles adopted and the principal results obtained are set 
out in Table C. It was not possible to ensure the same 
quality of coke in each experiment; and differences in this 
respect have influenced the results. It may, however, be 
concluded from the figures given that, in general, when the 
blow gas contained a large proportion of carbon dioxide, 
the water gas made also contained large quantities of 
this constituent. From determinations of the amounts of 
steam which passed through the generator without under- 
going decomposition, it was found that of the steam 
supplied the proportions converted into water gas ranged 
between the low values of 45 p.ct. and 60 p.ct. 

An additional experiment at a fuel depth of about 4 ft. 
Was conducted with the same cycle as that adopted during 
experiment No. 5 of Table C, except that the change from 
blow to run was effected at the time of appearance of a 
lilac flame at the top of the stack. In this trial the average 
duration of the blow periods was only about twenty-three 
seconds as against thirty seconds in experiment No. 5. 

The shorter blow resulted in a smaller percentage de- 
composition of steam supplied to the generator and a 








larger proportion of carbon dioxide in the water gas. The 
method of operation was not therefore very satisfactory. 

After consideration of the results obtained during the 
various preliminary experiments, the methods of operation 
utilized during the complete Tests A and B (Section I.) 
were selected. Trials of short duration at fuel depths of 
5 ft. and 6 ft. were also carried out before Tests C and D 
were commenced. 


TaBLe C. 


Preliminary Trials at a Fuel Depth of 4 ft. 
(Approximately.) 








Experiment No. I ‘rs 4 5 
Depth of fuel bed ‘in ft. (average) | 3°8 | 3°8 | 40 | 4°! 40 
Coking-to-coking period, duration 
in mins.... se ee aa ae 30-4 32 | 30 | 30 
Time occupiedineach coking, mins. I Bc] 2 he ae 
Duration of blow immediately after 
coking, mins... .. ..| 05 | ro | 05 | 05 | 0°5 
Duration of up run after coking, | 
min. ... rE oi se 30 | 25 °| 45 | 35 
Rate of flow of steam in up run { | 
after coking, lbs. per min. ... | 14’0 | 14°0 | 14°0 | It*3 | 14'0 
Normal cycle, duration in mins.... | 5 5 | 4 | S-1 ¢ 
Duration of blow, mins. «| Oe | o5 | 05 | O'S 
Duration of first up run, mins. | 1°o | ro | re i FS 
Rate of flow of steam in first up | *| | 
run, Ibs. per min. uaa 14°0 | 14°0 | 14'0 | I1°'3 | I4'0 
Duration of down run, mins. ... | 2°5 | 2:0 | 1°5 | 2° 2'0 
Rate of flow of steam in down | 
run, lbs. per min, ... ooo | 22°6 | 228% | 126 | 1o'o | 11°8 
Duration of last up run, mins.... | I’o Io | ro | ro |} Io 
Rate of flow of steam in last up | | | 
run, lbs. per min. ... voor | RES Tees | ES | 10°3 | 10°3 
Composition of water gas (average) | 
volume p.ct.— | 
CO, Raf aheeac |. pakke dhe | 5°4 | 73173 
oe “oh ash ‘ia ope | OF o'r | ovr o'r | ov! 
COsee soe see ave noe | SSG | QOS | 37:9 | 35S | 34° 
Composition of blow gas (average) | | 
volume p.ct.— | 
COs et x - .- | 16°6 | 137 | 13°8 | 15°3 | 15°8 
ee son one bes oa) we ovr or | os ovr 
Co... a si aki .. | 5°7 | 0.9 | Ir°x | 8°3'| 6°4 
Average temperature of gases 
leaving generator, °>C— | | 
Blow gas ... =e ae ..- | 780 | 800 | 790 | 720 | 720 
Water gas and undecomposed 
steam See =i .. | 420 | 500 | 460 | 410 | 480 
} | 











SECTION IV. 
MEASUREMENT OF TEMPERATURES. 


During the tests described in* this report, the tem- 
peratures of the blow and run gases at the outlets of the 
generator, and of the run gases at the inlet to the scrubber, 
were measured by means of iron-constantan thermo-couples, 
placed in the positions indicated in Diagram II. Prior to 
the commencement of the complete tests, experiments 
were made with the object of selecting pyrometers which 
would give results of the required accuracy, and which 
would not be destroyed too rapidly under the very exacting 
conditions. The temperatures of the gases leaving the 
generator changed so quickly during both blow and run 
periods that sheathed pyrometers could not be used, since 
the lag of these pyrometers in attaining the true tem- 
peratures would have caused considerable errors in the 
results. Although pyrometers of very fine wire, directly 
exposed to the hot gases, would have responded almost 
immediately to sudden changes in temperature, they would 
not have withstood the conditions in the top outlet of the 
generator for more than a short time. 

In the first instance, trial measurements were made with 
directly-exposed thermo-couples constructed from iron and 
constantan wires of 1/10 in., 1/15 in., and 1/20 in. diameter. 
According to the method of construction finally adopted, 
the thermo-couple wires, each about 20 in. in length, were 
insulated from one another by lengths of silica tubing 
reaching from the junction to within about 3 in. of the 
cooler ends; the two free ends were firmly held in a rubber 
stopper. The insulated couple was then passed through a 
piece of iron tubing, 9 in. long and ¢ in. internal 
diameter; and the rubber stopper was pushed tightly into 
one end. The thermo-couple was further held in the iron 
tube by means of a packing of previously ignited asbestos, 
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DIAGRAM Iv. 


One end of the iron pipe was threaded on the outside so 
that it could be screwed into holes drilled in the plant at 
the points at which it was desired to record temperatures. 
The pyrometers were connected by iron and constantan 
leads through a switchboard to an indicator graduated 
every ten degrees from 0° to 1000°C. The indicator and 
switchboard were located in a cool position in the 
generator house. The apparatus was calibrated before 
use; and corrections were applied for the temperature of 
the cold junction. 

In order to determine the differences in lag of the 
thermo-couples constructed from the three diameters of 
wire, the couples were placed in the inlet pipe to the 
scrubber of the plant in such a manner that the thermo- 
junctions were about 4in. apart. The temperatures 
indicated by each pyrometer, during periods of at least 
twenty minutes, were then read every ten seconds. Similar 
series of readings were also taken when the couples 
were placed in the outlet pipe at the bottom of the generator. 
For convenience in comparison, curves were constructed 
from the results obtained. 

The curves shown in Diagram IV. are typical of the 
readings taken during a five-minutes cycle, with thermo- 
couples of 1/10 in. and 1/20 in. diameter placed in the inlet 
pipe to the scrubber. The five-minute cycle of operation 
of the plant consisted of one-minute blow followed by one- 
minute steaming in an upward direction, two and a half 
minutes down run, and half a minute uprun. From the 
curve of the readings taken with the 1/20in. diameter 
thermo-couple, it may be seen that during the blow period 
when there was no flow of gas to the scrubber, the tem- 
perature fell from 312° to 203°C. At the end of the 
first minute, the stack valve was closed, and steaming was 
commenced in an upward direction; the temperature then 
rising rapidly to 340° C. and afterwards more gradually to a 
maximum of 348°C. When the direction of steaming was 
reversed at the end of ‘the second minute, the temperature 
began to decrease till it had reached 320°C. at the end 
of the third minute. During the last two minutes of the 
five-minute cycle there was a very gradual fall in tem- 
perature of only 4° to 316° C. The curve constructed 
from the readings of the thermo-couple of 1/10 in. diameter 
shows the same characteristics as the curve just described; 
but, owing to the greater lag, the changes in temperature 
are not brought out to the same extent. The results 
obtained with a couple of 1/15in. diameter were found to 
lie between those obtained with couples constructed from 
wire of larger and smaller diameters. Thermo-couples 
constructed from wire of diameters less than 1/20 in. were 
not tried, since experiments with the pyrometers placed in 








the top outlet of the generator proved that the life of the 
couples decreased as the diameter was reduced ; those of 
1/20 in. metal only surviving for a few hours. It was 
therefore decided to use thermo-couples of iron and con- 
stantan wires of 1/20 in. diameter for the purpose of the 
complete tests. 

During the progress of each complete test, eight series 
of readings of the temperatures of the blow and run gases 
leaving the generator, and of the run gases entering the 
scrubbers, were taken. Each series consisted of readings 
every ten seconds, throughout a complete coking-to-coking 
period. When it was desired to record the temperatures 
of the blow gas and of the water gas produced during up 
runs, the galvanometer indicator was connected through 
the switchboard to the thermo-couple in the top outlet of 
the generator. For the purpose of measuring the tem- 
peratures of the water gas produced by downward steam- 
ing, the galvanometer was connected to the thermo-couple 
in the bottom outlet of the generator. It was therefore 
necessary, in taking series of readings, to operate the 
switch simultaneously with the changes in direction of 
steaming. The nature of the results obtained is illus- 
trated graphically in Diagrams V. and VI., which have 
been constructed from the figures recorded during separate 
five-minute cycles in the series of readings from Tests B 
and D respectively. From the curves, it may be seen 
that the temperature of the gases leaving the top of the 
generator rose rapidly during the blow period and then 
decreased as soon as the stack valve was closed and steam- 
ing commenced in an upward direction. The break in the 
curves, and the sudden drop in temperature at the end of 
the second minute, correspond with the change in direction 
of steaming, after which the temperature gradually in- 
creased throughout the progress of the down run. The 
second break in the curves corresponds with the change 
back to an up run, during which the temperature again 
increased rapidly. 

In the four complete tests carried out, there were six 
five-minute cycles in each coking-to-coking period, so 
that the eight series of readings taken during a test inclu- 
ded forty-eight five-minute cycles. The temperatures in 
Table IV. were deduced from these readings in the 
following manner. In the first place, the figures obtained 
during each test were averaged in four sections—(i.) blow 
periods, (ii.) first up runs, (iii.) down runs, and (iv.) last up 
runs. The average of the readings during the blow 
periods (i.) was considered to represent the average 
temperature of the blow gases, since the volumes pro- 
duced in unit time at the beginning and end of the blow 
would not be widely different. The temperature at which 
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DIAGRAM V. 


the water vapour accompanying the blow gas left the 
generator was taken as the average of the temperatures 
recorded during the blow periods immediately following 
each charging of the generator, since from previous 
experiments it had been concluded that the moisture in 
the coke as charged into the generator was removed during 
the first blow. 

The true average temperature at which the water gas 
left the generator during the run ‘periods was deduced 
from the average temperatures (ii.), (iii.), and (iv.) during 
the first up runs, down runs, and last up runs respectively, 
combined with the relative volumes of water gas produced 
during the separate runs. The true average temperatures 
of the undecomposed steam leaving the generator were 
similarly deduced from the averages (ii.), (iii.), and (iv.), 
and the relative amounts of undecomposed steam during 
the corresponding run periods. The relative volumes of 


water gas and amounts of undecomposed steam were 
calculated from the compositions of the water gas pro- 
duced, the known rates of flow of steam to the generator, 
and the percentages of steam decomposed during the 
individual runs as determined according to the method 
described in Section V. of this Report. 


SECTION V. 
CALIBRATION OF STEAM GAUGES. 


The Bourdon gauges usually employed for indicating 
steam pressures require periodic calibration and adjust- 
mént if they are in constant use, especially when the 
pressures at the points at which they are installed are 
liable to frequent and sudden fluctuations. 

The corrections to be applied to the readings of the 
steam-pressure gauges used during the investigation 
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DIAGRAM VI. 
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DIAGRAM VIil, 


described in this report were determined by comparison 
with a calibrated gauge reserved for the purpose. The 
accurate calibration of this instrument was made possible 
by the generosity of Messrs. Hunt and Mitton, of Birming- 
ham, in allowing the use of the standard weight gauge at 
their works. The standard apparatus, the arrangement of 
which is indicated in Diagram VII., consisted of a 
cylinder (C) and piston, both accurately made to definite 
dimensions. The pressure in the cylinder could be in- 
creased by means of the pump (P) which was connected 
to the vessel (T) containing glycerine and water. The 
gauge to be tested occupied the position (G) shown in the 
diagram. The weight of the piston itself was such that 
it could just be lifted by a pressure of 3 lbs. per sq. in. 
The pressure required to balance the piston could be 
increased to the desired amount by placing calibrated 
weights on the flange at the top. During the operation of 
the pump for the purpose of increasing the pressure in the 
apparatus, the piston was rotated to ensure that any error 
which might result from the friction of the piston against 
the wall of the cylinder was reducedtoa minimum. The 
calibration of the gauge (G) was carried-out by recording 
the readings when the true pressure, as indicated by the 
piston and weights, had reached the required amounts. The 
weight gauge was calibrated in the first instance by com- 
parison with a mercury gauge. The rate of flow of steam 
(of average dryness) through nozzles of the type installed 
in the steam meters of the water gas plant at Adderley 
Street (vide Sixth Report) may be calculated with suffi- 
cient accuracy for most ordinary purposes by means of 
the expression 


: = 2 P 
discharge in lbs. per min. = 0°95 18°93 Av v 


in which 0°93 is the discharge coefficient of the nozzle, 0°95 
the dryness fraction of the steam, A the cross-sectional 
area of the throat of the nozzle in square inches, P the 
initial steam pressure (absolute) in lbs. per sq. in., and V 
the volume in c.ft. of 1lb. of steam at pressure P. The 
formula can be applied only when the absolute pressure at 
the outlet of the nozzle is less than 0°55 P. 

The gauges of the steam-meters at Adderley Street are 
merely steam-pressure gauges of the usual pattern, except 
that the dials are marked-off to indicate steam flow in lbs. 
per min., instead of steam pressures, for the particular 
nozzles. By means of the formula given, steam-meter 
gauges may therefore be calibrated as in the. case of 
ordinary steam-pressure gauges. It is usually found that 
steam gauges of this type read too high after they have 
been in use for some time. It can therefore be understood 
that although it is intended to keep the same cycle of 
operation of a water-gas plant, the actual rate of flow of 
steam to the generator may have decreased after an 
extended period of operation, simply by reason of errors in 
the gauges. Such errors might easily result in a lower 
output of gas per day. The importance of periodic calibra- 
tion of these gauges is therefore at once apparent. 





THE PROPORTIONS OF STEAM DECOMPOSED AT 
DIFFERENT STAGES OF MANUFACTURE OF 
WATER GAS. 


During the complete tests (Section I.) and the pre- 
liminary experiments (Section III.), the proportions of 
steam decomposed at the different stages of manufacture 
of water gas were obtained from calculations of the water 
equivalents of the different compositions of gas made, and 
experiments carried out for the purpose of determining the 
amounts of undecomposed steam accompanying the water 
gas sampled at the inlet to the scrubber. The apparatus 
employed is shown in Diagram VIII. A rapid stream of 
water gas was made to flow from the main at the inlet to 
the scrubber through the glass tube, A, and the water seal, 
B, to the atmosphere. Samples of the gas were drawn 
from branches of the glass tube A through (i.) the tubes 
C containing dry cotton wool, (ii.) the calcium chloride 
tubes D, and (iii.) the tubes of calcium chloride E into the 
aspirator bottles F. The rate of flow of gas through each 
train of apparatus was regulated by adjusting the rate of 
flow of water from the corresponding aspirator bottle. 
Three sets of apparatus are shown in the diagram, 
though usually four sets were employed. All determina- 
tions were made during complete coking-to-coking periods. 
The amounts of steam accompanying the gas made during 
the first up runs, the down runs, and the last up runs were 
determined by drawing corresponding samples separately 
through three trains of apparatus; and the gas produced 
throughout the run periods was made to pass through the 
fourth set of tubes. The various taps of the sampling 
apparatus were operated to correspond with the changes 
from blow to run (and vice versa), and the changes in the 
direction of steaming. The tube A was wrapped with 
asbestos to ensure that it was kept at a temperature above 
the dew point of the gas produced at any stage of the 
operation of the plant. The tubes C containing cotton 
wool were gently heated to prevent the condensation of 
excessive amounts of water at these points; they were 
protected from draughts by means of the metal shield H. 
Further quantities of water collected in the bulbs G; and the 
samples of gas, were finally dried by the calcium chloride 
contained in the tubes D. The object of the calcium 
chloride tubes E was to prevent the back diffusion of 
water vapour from the aspirators F. The quantities of 
gas drawn through the sets of apparatus were determined 
from the volumes of water withdrawn from the aspirators, 
and the temperature and pressures of the gas collected. 
The tubes C and D were weighed before and after each 
experiment; the increases in weight representing the 
amounts of moisture. 


METHODS OF ANALYSIS. 


The methods of analysis adopted were generally the 
same as those described in the Fourth, Sixth, and Seventh 
Reports of the Gas Investigation Committee (Trans. Inst. 
Gas Eng., 1920, 1921, and 1922). 








il, 


th 


JULY 4, 1923.] 





GAS JOURNAL. 155 



































DIAGRAM VIII. 


APPENDIX. 


Data EmpLovep IN CALCULATIONS, 


The values given below have been employed in the 
calculations made in the preparation of the tables in this 
report. 

Heat capacities in B.Th.U. per c.ft.—60° Fahr. (15°5°C.) 
and 30 in. moist. Heat capacity of water vapour in gas 
not included : 


t = temp. °C. minus 15'5. 


He and Nz ose ~ 0°032t + 0°00000187¢t° 
Oz and CO sd 0°0322t + 0°00000234t” 
COs one wee one 0°0418t + 0°0000117t° 
H2S soe “is ane 0°0381t + 0°00000468t? 
CH, eee See dee 0°043t ~=+ 0°0000453t° 
CmHn ose ove oes 0°0723t + 0°0000889¢* 


Heat capacities in B.Th.U. per pound: 


tio = temp. °C. minus 100. 
t = temp. °C. minus 15'5. 


HO (vapour) 0°915tio + 0°000215tin + 1116 
Coke... Kon REY 0°414t 
Ashes roe nas 0°36t 


Tar vapour --- cae osot + 180 





CatoriFic VALUES oF GASES IN B.Tu.U. Per C.Fr. 
(60° Fahr. and 30 in. moist.) 











Gas co Hy CH, 
Gross a pee | 318 320 992 
Net ape oa | 318 269 890 

| 





Calorific values (B.Th.U. per lb. gross) of ashes and 
clinker from ultimate analyses calculated from Dulong’s 
formula: 


Oo 
B.Th.U. per Ib, = 14544 + 62,028 (H—@) + 4050S 
100 


in which C = carbon p.ct., H=hydrogen p.ct., O=oxygen 
p.ct., and S = sulphur p.ct. 

Flow of steam through nozzles (vide Sixth Report 
Section III.): 


Discharge in Ibs. per min. = 18°93 kAA/ v 


in which & is the discharge coefficient of the nozzle, A the 
cross-sectional area of the throat of the nozzle in square 
inches, P the initial steam pressure (absolute) in Ibs. per 
sq. in., and V the volume in c.ft. of 1 lb. of steam at 
pressure P. In the case of superheated or dry saturated 
steam, the volume V may be taken directly from steam 
tables; but if the steam be initially wet, V = x V,, in which 
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V, is the volume per Ib. of dry saturated steam at pressure 
P, and x is the dryness fraction. The formula can only be 
applied when the absolute pressure at the outlet of the 
nozzle is less than 0°55P. 


Discussion. 


The PrEsIDENT: I am stre you will all agree with me that this 
is a most valuable report, completing and amplifying much of the 
work that has been previously carried out. The whole report 
bristles with information, and should be of invaluable assistance 
to any engineer who has got a blue water-gas plant. 

Mr. A.A. N. CarPENTER (Gas Light and Coke Company): I 
should like to express my thanks to Dr. Parker for the enormous 
amount of work that he has put into this research. It has been 
of the greatest utility to all of us who use waste-heat boilers with 


retorts. I should like to ask Dr. Parker if I understood him cor- 
rectly to say that, with regard to CO entering the waste-heat 
boiler, when the percentage of CO going into the waste-heat 
boiler increases, the efficiency of the waste-heat boiler is im- 
proved. I should like Dr. Parker to make it clear to me whether, 
in these circumstances, the efficiency of the carburetted water- 
gas plant as a whole, including the waste-heat boiler, would be 
improved. 

Mr. Harotp E. Corp (Hull): I should like to see some results 
of experiments carried out with different classes of coke and 
water gas, because the limitation of efficiency in water-gas plants, 
I think, is generally determined by the amount of blast which 
one can use. It is well known that coke from vertical retorts is 
physically quite different from that from horizontal retorts. The 
lighter the coke, the less the blast possible, because you other- 
wise get very much loss from blowing the coke away. Many 
years ago I had the privilege of conducting a number of experi- 
ments ona Dellwik-Fleischer plant, and we got some remarkable 
results, In one case we actually produced 70,000 c.ft. of blue 
gas per ton of coke; and from this figure it is easy to calculate 
the efficiency of the plant. It was certainly a remarkably high 
efficiency. There, again, the limitation, as I say, was due to the 
coke and the amount of blast you could use. I should very much 
like to see some method of removal of the dust, because you get 
to a point where you are practically blowing coke away, and your 
efficiency goes down; and if some device could be found for the 
removal of the dust, it would be very useful. I have tried one or 
two things (but I cannot say that any of them was any good) for 
the removal of the dust from blast gases. As regards its removal 
from blue water gas, it might be done by a rotary machine—a 
sort of cyclone—and if in this way the dust, and also tar, could 
be removed from carburetted water gas, it would be extremely 
useful. Some experiments might be made in this direction. The 
report is a wonderful one; but, for all that, one cannot help 
thinking that there are other lines of research which might be 
very profitably pursued. 


Mr. A. Percy Hoskins (Belfast): I feel it an honour, as a 
visitor, to be invited to speak on this report. It is about thirty 
years since we started trying to make water gas effectively in 
Belfast. The personnel of the Gas Investigation Committee 


and the work already done, was sufficient guarantee that the 
report issued this time would be invaluable to anyone interested 
in the manufacture of blue water gas. When we come to thiak 
it over, we shall find this work is really invaluable. There are a 
few outstanding points which I should like to mention. First, 
there is the point which has been more or less arrived at in actual 
practice, in connection with the varying depth of the fuel bed. 
The fact is brought out clearly in the report that the minimum 
depth for effective working—the least possible depth for really 
good practice—is about 6 ft. Ithink thisisright. If my memory 
serves me, our actual working depth runs from 7 to 8 ft.— 
though I speak subject to correction of this figure, to the extent 
of 6 in. or so. Then another point that struck me particularly in 
the report was the fact that the CO,-CO ratio in the blow gases 
which gives the greatest efficiency in the manufacture of the blue 
water gas is also that which gives you the best conditions for 
the efficient working of the waste-heat boiler. There is another 
thing which also struck me in connection with the Dellwik process 
—viz., with regard to the production of a very large amount of 
heat from a short sudden blow in a shallow bed. Through 
channelling taking place, the composition of the blow gases taken 
off in the sampling was not really the composition of the gas as it 
actually left the fuel bed, because a certain amount of oxygen 
went through the channels with the CO produced, and gave you 
higher CO, in the blow gases, and therefore, apparently, a higher 
heat efficiency in the bed itself. There is an old rule we used to 
go by many ‘years ago; and it interested me to see that the 
analyses in Table II. pretty well agreed with our old practice. If 
you are making good blue water gas, and not getting too much of 
the blow products, if you multiply the CO, by two, and add the 
CO, you practically get the figure for hydrogen; and in the 
analyses in the report, this figure seems to fit-in very well. It*is 
rather satisfactory to think that our old experimental way of going 
on has been to a certain extent verified by these new and 
elaborate, and extremely accurate, results obtained by the Gas 





Investigation Committee. In Section II. of the report, the 
question of the removal of dust is mentioned; and it is very 
fine dust. This has been a bugbear for a great many years. 
If I remember rightly, it is many years since Sir Edward 
Thorpe showed that an oxide of manganese which was re- 
puted to be a vapour, was actually a very fine dust. By the 
exercise of his extremely acute intellect, he was finally able to 
demonstrate that the heptoxide of manganese was not a vapour 
at all, but a fine dust. It shows how difficult it is, as the dust 
gets finer and finer, to remove the last traces of it. Ultimately 
the particles coalesce and deposit, and that is where the trouble 
comes in, A point I thought of interest in this connection is that 
it is no good going in for a whole lot of washing. After a fairly 
thorough wash, a second or third or fourth washing has prac- 
tically very little effect at all in the reduction of the dust. in our 
own experience, dry porous filtration has been effective; and by 
passing the water gas through our oxide purifiers, very little dust 
has passed over—especially when the oxide purifiers, in the case 
of carburetted water gas, are slightly damped with the small 
quantity of light tar oils coming forward and moistening the lower 
layers. Then the removal of dust is practically effected. The 
disappearance of the sulphur from the gas is rather an interesting 
subject ; the interaction of the sulphuretted hydrogen and the 
sulphur dioxide producing sulphur with water. The water 
that is used for washing these gases comes away very acid; and 
years ago we had a considerable amount of difficulty, because 
our iron tanks were very rapidly corroded, partly due, undoubt- 
edly, to the fact that the SO., which was in excess, oxidized to 
sulphuric acid, and dissolved our iron. Also, I believe, a certain 
amount of pentathionic acid was produced. I went into this 
some years ago; and it has been rather an obsession with me 
since. In the presence of moisture, sulphuretted hydrogen and 
SO, form pentathionic acid, and the products of further oxidation 
give rise to exceedingly active acids in the destruction of metals. 
The dust of water-gas plants contains a higher percentage of 
silica than the ash of the coke used. There is. very considerable 
proof, therefore, that in heating and cooling, the silica linings are 
bound to undergo a certain amount of disintegration; the fine 
silica dust being carried forward in the gas stream. I think it is 
impossible to over-estimate the value of the report, either to the 
Institution or to anybody else who is in any way interested in the 
manufacture of blue water gas. 

Mr. Harotp Davies (Chesterfield): I think we are all ex- 
tremely interested in the results which have been achieved by the 
Research Chemist in connection with the blue water-gas experi- 
ments; but more or less we have been told a good deal that has 


already been carried out, because similar work has been done by 
engineers in all parts of the country with Water-gas plants for a 
considerable length of time. In connection with the deposition of 
dust, it may interest the Research Committee to know that one of 
the largest chemical works in the country are taking out the dust 
in connection with one of their gas-making plants by electrical 
deposition ; and it is immensely successful. In wartime, they 
removed the dust in the manufacture of acid gases. The results 
are now so good that the process is a huge success, whereas in 
wartime it was considered a failure. It seems to me that this 
same system might be adopted for the extraction of the dust from 
blue water gas. 


Dr. PARKER, replying to the discussion, said: In the first place, 
I should like to thank you for the very interesting discussion 
which has arisen. Mr. Carpenter asked whether I meant that the 
efficiency of the manufacture of blue water gas was greater when 


the blow gas contained rather more CO than COs, and also if the 
efficiency of the waste-heat boiler was greater under the same 
conditions. Perhaps I ought to explain the position more clearly. 
We were carrying out tests on a blue water-gas plant without an 
attached waste-heat boiler; and we found we got a better. effi- 
ciency of production of blue water gas in the generator when the 
blow gas contained rather more CO than CO,. The amounts of 
steam which could probably be raised in a waste-heat boiler by 
utilizing the potential heat of the blow gas, the sensible heat of 
blow gas, water gas, and undecomposed steam, are the results of 
calculation, and not actual tests. The calculations show that 
sufficient steam could be raised to supply the generator and 
blower in those tests in which the blow gas contained rather more 
CO than CO,; but it was insufficient in those tests in which the 
CO, was largely in excess. Mr. Copp suggested that experiments 
should be carried out using horizontal-retort coke, vertical-yetort 
coke, and I suppose we should also include a hard metallurgical 
coke. In the tests at Adderley Street, described in the Sixth and 
Tenth Reports, the coke used was horizontal-retort coke. On 
the other hand, in the tests at Windsor Street the coke was vertical- 
retort coke; and there was very little difference in the efficiency 
of production of blue gas in the generator in the two installations. 
Of course, the different types of coke require different cycles for 
the most efficient operation, largely because of the different 
resistances thrown by the same depth of coke. Using different 
types of coke, you get different resistances to the flow of air dur- 
ing the blow period; and, with the Sturtevant type of blower, 
the amount of air passing through the generator decreases as the 
resistance in the fuel bed increases. Therefore, with a given 
time of flow—say, one minute—you will get less air through with 
one type of coke than with another; and this must be counter- 
balanced by increasing the flow of air by increasing the speed of 
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the blower to get the same amount of air through in a given time. 
No doubt experiments with different types of coke would be inte- 
resting. But in this particular report we have investigated the 
differences in efficiency when the blow gases produced were of 
different compositions ; and we therefore used the same. type of 
horizontal coke. I understood Mr. Copp to mention the difficulty 
of removing the dust from blow gases, and that the speed of air 
— through the fuel bed was limited by the fact that, if you 

low too hard, you blow half the coke out of the generator. 
That I ap jate. We found the same thing. Taking very low 
depths of fuel, if we allowed the full blow of the blower to operate 
on the fuel bed, then pieces of coke were blown-out of the gene- 





rator; but we did not experience any great difficulty in this 
matter with fuel depths greater than 4 ft. I also understood 
Mr. Copp to say that dust from blue water gas could readily 
be removed by a cyclone action, by a swirling action, on the 
water gas. This we have not actually tried. Our work was purely 
the efficiency of water gas; and we observed the presence of this 
dust, and suggested lines of attack. We have not thoroughly in- 
vestigated the matter; but personally I should be rather surprised 
to find that the cyclone action would remove this particular dust. 
It is quite probable that this dust results from the formation of 
gases, and then their decomposition. There is a large amount of 
silica in the dust produced in water-gas manufacture; and I do 
not believe that it comes from erosion of-the linings of the gene- 
rator or the driving forward of the ash of the coke. I think it is 
highly probable that, in the first instance, gaseous compounds of 
silicon—such as, for example, silico-methane—are produced in 
certain ranges of the fuel bed, and then decomposed again by the 


| 
| 
| 


action of the steam, with the production of silica in a very finely- 
divided condition. This dust, which is almost in a gaseous state, 
would gradually coalesce, and be deposited in different parts 
of the plant. It travels right through the relief holder into 
the mains at the outlet of the holder, and then deposits itself 
throughout the plant. It is a most difficult dust to eliminate. 
Mr. Hoskins made some interesting remarks, for which I thank 
him ; but I gather that, in general, he agrees pretty well with the 
work we have carried out, except on this question of the formation 
of dust, which I have already explained. The sulphur in the dust 
results only from the interaction of sulphur dioxide in the blow 
gas with sulphuretted hydrogen in the run gas, on the change-over 
from blow to run, and partly from the formation of sulphuretted 
hydrogen in the fuel bed at one stage, and then its decomposition 
to hydrogen and sulphur. This is clearly brought out by the fact 
that you get more sulphuretted hydrogen in up-runs than in the 
down-runs. It is simply due to the gradation of temperature in 
the fuel bed. I must thank Mr. Davies for his suggestion in re- 
gard to the electrical deposition of dust. I know that is a method 
which has been largely adopted. It is a question of applying a 
potential of several thousand volts. An electrode is placed in the 
gas stream, and is charged to a high potential in an attempt to 
precipitate the dust; the assumption being, I take it, that the dust 
is in the nature of a colloid, electrically charged. 


The PresipEnT: I have now very much pleasure in moving 
the adoption of the report. 

Mr. SAMUEL GLOovER: I have pleasure in seconding that. 

The report was adopted. 
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REPORT OF REFRACTORY MATERIALS COMMITTEE. 





JOINTING MATERIALS FOR SILICA REFRACTORIES. 


By Miss D. 
INTRODUCTION. 

In many operations, notably in those processes connected 
with the metallurgical industry, the masonry is subjected to 
relatively high temperatures; and in some cases these tem- 
peratures approximate closely to the softening points under 
load of silica refractories. In structures used for coal dis- 
tillation, &c., the temperatures are not so high; but the 
masonry, particularly in modern coke-ovens, is subjected to 
rapid thermal changes. 

Naturally, this affects the expansion or contraction of the 
chamber. In some cases the effects are more pronounced 
in connection with the cementing than with the brickwork ; 
and the following work was undertaken with a view to 


determine the most suitable jointing materials for silica- 


refractories. 

For specific reasons, alkaline compounds are sometimes 
added to the cements used in town-gas installations. It 
may be added, however, that the more nearly a jointing 
cement approaches in chemical composition and physical 
behaviour that of the bricks with which it is used, the more 
satisfactory are the results obtained. Certain practical 
points likewise require consideration. The cement must 
have sufficient plasticity to enable the mason to “ trowel” 
the mixture easily; and further, when dried, the joint 
should have sufficient mechanical strength to enable the 
structure to bear its own weight previous to the first firing. 


METHOD oF EXPERIMENT. 


Experiments were devised in order to examine the effect 
of mixing, in various proportions, fireclay, ganister, and 
crushed silica brick (grog); and in some cases the effect of 
the addition of certain compounds—such as plaster, lime, 
and sodium silicate—to these mixtures was likewise investi- 
gated. The materials were first thoroughly mixed in the 
dry state, fora more intimate mixing is in this way obtained. 
Water was then added to the mixture until a suitable 
consistency was given. A layer (about 75 mm. in thick- 
ness) was spread between two blocks (2 in. cubes) prepared 
from hand-made silica bricks. When air-dry, the test 
specimens were fired to Cone 16 in an electric furnace under 
a load of 50 ibs. per sq. in. The temperature was raised, 
over a period of three hours, to Cone 16, and then maintained 
constant for one hour. In order to provide a more severe 
test, some of the mixtures were reheated to Cone 20 under 
the same load. 

Each constituent in the mixtures was graded as follows : 


(1) Coarse—through 20's on 4o's lawn . .« 15 p.ct. 
(2) Medium—through 40's on 80'slawn . . . 25 4, 
(3) Fine—through 80’slawn. . .... . @ y, 


In order to obtain information as to the properties of the 
cements, as distinct from their jointing efficiency, the mix- 
tures were made into briquettes, which were tested for con- 


JONES, B.Sc., 


and W. EMERY. 


traction or expansion, crushing strength, and resistance to 
slag penetration. The slag penetration test was carried out 
by the method described by L. Bradshaw and W. Emery 
(Trans. Inst. Gas Engineers, 1920-21, p. 337). 


RESULTs. 
The results are summarized in the appended tables. 


[See 
pp. 158, 159-] 


Discussion oF RESULTs. 


The results show that mixtures of fireclay and ganister have 
much greater expansions than those of clay and grog, but, on 
the average, these mixtures have a greater crushing strength 
and offer much more resistance to slag penetration. Though 
the jointings of the clay-ganister mixtures lack adhesive 
power, they are very hard and firm as compared with those 
of the clay-grog mixtures, which are deficient in mechanical 
strength and are crushed-out when fired under load. Mix- 
tures of clay and grog, and particularly those having a large 
proportion of the latter, are badly attacked by the slag. 
These briquettes have open textures with large pores, into 
which the slag freely penetrates. Clay-ganister mixtures 
sinter more readily than those of clay and grog; and a clay- 
ganister mixture in the ratio of 1:1 softens so much, when 
heated to Cone 16 under load, that the cement is squeezed 
out. 

It seemed, from the above observations, that the best 
results would be obtained by the admixture of fireclay, 
ganister, and grog; and this was found to be the case. 
Mixtures of the three ingredients, having either equal or 
greater proportions of ganister to grog, gave very good 
jointings—e.g., Nos. XIIJ., XVII., XIX., and XX. (see 
table appended). These mixtures sintered sufficiently 
to render the cement compact and firm. A high proportion 
of grog, however, renders the cement mechanically weak. 
In Nos. XXII., XXIII., and XXIV., in which there is 
70 p.ct. grog, plaster, lime, and sodium silicate respectively 
were added ; but the addition of these compounds did not 
greatly increase the mechanical strength of the cements 
when tested under load. 

It is difficult to draw definite conclusions from the slag- 
penetration tests, for the majority of the briquettes were of 
open texture; others exposed a larger area to the attack of 
the slag. 

In Nos. XXV.and XXVI.,a fat, plastic ball clay, instead 
of the ordinary fireclay, was added in slip form. No. XXV. 
was found to be exceptionally good in all respects. On 
comparing this with No. XX., where fireclay was used, the 
ganister and grog being in the same proportions, it will be 
observed that the mechanical strength was more than 
doubled, while the resistance to slag penetration was greatly 
increased. The jointing was very hard and firm; and even 

















when fired to Cone 20 the cement was still good. 
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In order to satisfy the requirements which have been 
indicated in the paper as necessary for a good cement, it 
seems, from our results, that it is better to have a greater 
amount of ganister than grog so far as the material is con- 
cerned; while for the bonding material, a small proportion 
of a highly-plastic refractory clay is more satisfactory than a 
large proportion of a fireclay of a less plastic nature. 

The number of experiments made regarding the effect of 
such added materials as plaster, lime, and sodium silicate 
was not sufficiently great to allow many conclusions to be 
‘ deduced; but the few tests which were made tend to show 
that no advantage is obtained from the addition of these 
materials to a cement which is to be used at high tempera- 


tures. . 
NoTE.—Composition of slag for the slag-penetration test: 
Litharge . é-. Yeu a 50 grammes 
eee eee ee ee * 
Redironoxide .... 5§ < 
Sodium fluosilicate . . . 15 én 


Mr. A. E. BroapBerry, in introducing the report, said: Mr. 
President and gentlemen, the work of the Refractory Materials 
Research Committee is referred to in the Council’s report, where 
it is mentioned that, during the year, we have seen the completion 
of the revision of the standard specification. This has entailed 
a great deal of work. Every part of the specification was very 
carefully considered and weighed. It had served its purpose 
since 1912; but, during that time, many faults and necessary 
amendments had been found. It had succeeded, as it stood, in 
improving the manufacture of retorts and firebricks ; but certain 
points had been seen to need amendment. Among them, the 
materials for the construction of retorts were too restricted; and 
they were extended. Another difficulty was in the contraction 
test. The signs of fusion were referred to; and it was very diffi- 
cult to define what “ signs of fusion” really meant. A great deal 
of attention was given to this; and we consider we have improved 
the specification in regard to it. The porosity limit in the old 
specification was rather low, and has been slightly extended. 
The test pieces specified were not suitable, either so far as size or 
shape was concerned; and this also has been altered. The con- 
traction test has been stiffened-up, as we found the makers could 
easily keep within the limits specified; and this entailed consid- 
erable work. The Committee, as you are aware, is composed 
partly of members of the Institution, and partly of representatives 
of the Society of British Gas Industries ; and we had to come to 
conclusions which were mutually satisfactory. The work entailed 
much writing and editing on the part of Mr. Leather; and when 
it was.completed, we thought it was only right that a very hearty 
vote of thanks should be passed to him and recorded on the 
minutes of the Committee. This is not mentioned in the Council’s 
report ; but it is only just to Mr. Leather that we should recog- 
nize it here. [Applause.] That, gentlemen, is the work that has 
been undertaken by your Committee themselves. 

The research work for which the Committee were originally 
appointed was, you are aware, taken over three years ago by the 
British Refractory Research Association, who were brought into 
being under the zgis of the Department of Scientific and Indus- 
trial Research. They undertook to raise £2500 per annum, to 
which the Department were going to add pound for pound, making 
a total of £5000 a year, to be spent on research. We were very 
= that we were going to get some highly important results. 
All our previous work was annexed by the new Association. 
In return we agreed to subscribe for five years £150 a year, to 
which, of course, the Government grant of pound for pound was 
added, representing £300 actually subscribed for our work. In 
the first two years, the Association failed to collect the £2500; 
and when the Government Department found this out, they pulled- 
up the research with a good round turn. They were, however, 
very generous afterwards, and said that if in the third year the 
£2500 could be raised by the members of the Association, they 
would go on with their pound for pound in the future, and they 
would also allow the pound for pound on the previous years, 
though the undertaking to raise the £2500 had not been fulfilled. 
Now, as mentioned in the Council’s report, they have succeeded 





in overcoming the financial difficulties; and it was hoped, there. 
fore, that the research work would proceed in much better fashion. 
Of course, there are other researches besides the gas refractory 
materials to be considered; but our programme, as stated by the 
Council, included reports on: (a) Test under load of various 
materials, emphasizing the relation between the ordinary refrac- 
tory test and the load test; (b) tests on “Sillimanite” materials, 
including the manufacture of gas-retorts, and testing them in 
practical use; (c) tests on carbonized clays ; (d) chemical analysis 
and the preparation of clays by purification. and/or adding in- 
gredients to enhance their fire-resisting qualities. I might mention 
that “ Sillimanite” is a material which has been found in the hills 
of India. It has to be transported by bullock wagons, and then 
by railway to a port,.and brought over here and carried by rail to 
the brick-works to be mixed, if it is ever going to be mixed, with 
the clay that we find in our own country. The carbonized clays 
referred to by the Council were really brought to the Committee’s 
notice by Mr. Langlands, of Glasgow, one of our members. It 
is a product of Scotland, and I believe the manufacture is going 
on there quite successfully. We hope to hear something more 
about it. 

I am, however, not able to tell you very much of what has 
transpired at Stoke, except that I have had a letter from Dr. 
Mellor, io which he says: “ From circumstances with which you 
are familiar, loss of staff, and so on, we have not been able to get 
on with the gas engineers’ work in theearly part of the year. The 
work, according to the recent proposals of the Committee, is still 
in hand; but, of course, there is nothing to report yet. You can 
mention that trial silica bricks in the Stoke Gas-Works have been 
in use for about three years, and the longer they are in use the 
better we shall be pleased. You can also mention that some cast 
gas-retorts have been tried in the Wilmslow Gas-Works ; and you 
can perhaps get from the Manager there his opinion of the result. 
There is also a note by Mr. W. Emery and Miss D. Jones, B.Sc., 
on ‘ Jointing Materials for Silica Refractories,’ which we can send 
you in the course of a few days.” That note has since been for- 
warded to us, and it appears as the report of the Committee. You 
will notice that it is just as applicable to the metallurgical industry 
as to the gas industry; and it deals only with jointing materials 
for silica refractories. It is merely a report upon a few tests that 
have been made; and the authors themselves, I fancy, admit that 
they have not any particular conclusions to draw from what they 
have put before us. I much regret that I am not able to regard 
it as very satisfactory; but it is really all that we have for 
the £150, or £300, subscribed yearly to the British Refractory 
Research Association. 

I feel, Mr. President, that I have been an apologist for the 
Association too long. Ever since they camé into being, I have 
had to apologise, first in one way, and then in another: I had to 
describe them in their financial difficulties as being a vessel 
carrying ourselves that got on the rocks; and now it has got off 
the rocks, I am very much afraid it isin the doldrums. We are 
under obligation to go on for another two years; and when that 
two years is up, and the normal life of the new Association is 
finished, I think we shall probably do well to take over our own 
research work again. Then, perhaps, we shall be able to get 
something done. [* Hear, hear.”| I doubt whether the British 
Refractory Research Association will continue after the further 
two years, because I think it is very probable there will not be 
any more Government grants forthcoming. I am very sorry to 
have to admit this failure ; but I feel I have failed todo any good 
for the Institution, and it is really useless for me to try any more. 
I do not enjoy having to say things of this sort; but I feel it is 
only. the right and proper thing to place the actual facts before 
the Institution. I formally move the adoption of the report. 

Mr. J. P. LEATHER (Burnley): I will second that. I do not 
think at this time I will detain the meeting by any further 
remarks. 

The PresipEnT: I feel this matter is absolutely safe in Mr. 
Broadberry’s hands. If no one has any questions tu ask, I will 
put the motion to the meeting. It is carried unanimously. 

The PrEsIDENT, in answer to a question, said they would be 


very glad indeed to receive written communications in regard to 
the report. 


Jointing Materials for Silica Refractovies—Results of Experiments. 









































Mixtures. Tests on Briquettes. 
Remarks os 
on : lat servations on 
; Relati Résistedios Observations on “ Jointing’ when “ Jointing" when 
No. Crushing | “Gattve fC t Tested under Load of Pesta nttinr 3.calol 
: : : P.Ct. Fn Strength | p Slag 7 to ‘Slag. 50 Ibs. at Cone 16, sohbet Cane 20. 
Fireclay.|Ganister.| Grog. | Alkali. ee a Lbs. per —t tb 
5 Sq. In, 
(Clay=1) 

I, I I A ae - 0'80 1157 4°2 Good Slight parting between cement and | Sintered very much 
brick; cement very firm; sintered | and badly pressed- 
and slightly bulged-out, out. 

II. I 2 ée ee a 2°00 1163 50 Good No adhesion between cement and 
brick. Cement ‘very firm and 
slightly sintered. 

Il. 1 4 ee sy: sa 2°50 1443 60 Irregular | No adhesion between cement and 
brick. Cement firm and very slightly 
sintered. 
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Jointing Materials for Silica Refractories—Results of Experiments —(Continued.) 





No, 






Mixtures. 


Tests on Briquettes. 





Fireclay.|Ganister. 











Grog. 


P.Ct 


Alkali. Con- 








traction. 


P.Ct. 
Expan- 
sion, 


2°80 


Crushing 

Strength 

Lbs. per 
-In. 


Remarks 
on 

Relative || Resistance 
ag of Cement 

Penetra- to Slag 
tion Penetration 

(Clay =1). 

9°0 Irregular 


Observations on “ Jointing” when 
Tested under Load of 
50 Ibs, at Cone 16, 





No adhesion between cement and 
brick. Cement hard and firm. 


Observations on 


* Jointing ’’ when 
Tested under Load of 









50 Ibs, at Cone 20. 








5°4 


Good 


Distinct parting between cement and 
brick. Cement quiteas firmasIV. 








VII. 





930 





Slight parting between cement and 
brick. Cement slightly sintered 
and very firm. Bulges slightly, but 
not as much as I, 





Sintered and ex- 


tremely hard and 


firm, but 
bulged-out. 





badly 








VIII, 




































XVI. 





1°57 


1074 
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2°40 1333 
1°95 1205 
2°25 1324 





XVII. 


XVIII. 









9°8 


Irregular 


Moderate 





Very poor 


Distinct parting between cement and 
brick. Cement very firm and 
sightly sintered. 





Cement not so firm as VII. 
parting. Cement 

owing to lack of 
strength. 


Slight 
crushed-out 
mechanical 





Vertical cracks as well as partings 
between cement and brick. Cement 
not firm, and crushed-out owing to 
lack of mechanical strength. 





Cement quite crushed-out — total 
lack of mechanical strength. 










Very compact. Slight bulge. 
Cement sintered, but exceptionally 
hard. 





No adhesion between cement and 
brick. Cement not so firm as XI. 
No sintering, no bulging. 


Cement 





adheres 


after second firing. 


A few 
cracks, 
slightly 


transverse 
Only very 
sintered, 


but bulged never- 


theless. 





Irregular 


Adhesion good. Cement harder 
than XII. and very firm. 




















parting between cement and brick. 








Irregular 


Cement very hard and firm. Slight 
sintering, but no parting between 
cement and brick. 


Fair; better} No adhesion between cement and 

than XIII. bricks. Firm, but not so firm as 

XIII. Nocracking and no bulging. 

7°4 Siag pene- | Cement harder than XIV. Slight 

trated parting between cement and brick. 

through Cement sintered a little, very 
briquettes slightly bulged. 

7/0 Irregular | Cement not so firm as XV. Slight 





Very bad—impos- 
sible to measure. 


Cement not so firm as XVII. Cement 
crushed owing tolack of mechanical 
strength. Not so badly crushed as 

IX. and X. 








Very bad—impos- 
sible to measure. 






Good. Cement hard and firm. Good 
adhesion. Cement not sintered and 
no bulging. 
















Difficult to measure. 
Rather irregular. 





Good, hard, and firm. Good adhe- 
sion. No sintering, no bulging. 





sure. 


Very bad—patches 
and cavities—im- 
possible to mea- 


Parting between cement and brick. 
Not so firm as XIX. or XX. Slight 
bulging, no sintering. 
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XXII. 2 7 + 3 p.ct. es 2272 Very poor—patches | Not sintered, cement not very firm, | Not sintered, but 
plaster and cavities com- | slightly pressed-out. badly crushed-out, 
mon. owing to lack of me- 
chanical strength. 
XXIII. 2 7 + 3 p.ct. ee 0"90 2078 Very bad—impos- | Total lack of mechanical strength. 
CaO sible to measure— 
penetrated through 
briquette. 
XXIV. 2 7 sodium oe 0*40 1241 Very poor— patches | No sintering. Cement lacking in | Not sintered, ce- 
silicate and cavities com- | mechanical strength. 


ment crushed-out; 
lack of mechanical 
‘strength, rather 


friable. 





Cement very hard and firm. Cement 
slightly sintered, but not bulged. 
Cement parted from brick. 
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INSTITUTION GAS RESEARCH FELLOWSHIP, 


1923. 





THE GASIFICATION OF COKE IN STEAM, WITH SPECIAL REFERENCE TO NITROGEN 


AND SULPHUR. 





By S. PEXTON, M.Sc. (Institution Gas Research Fellow), and J. W. COBB, C.B.E., B.Sc 


Note.—The work described below is an extension of 
that previously carried out by Dr. Monkhouse, who pre- 
ceded Mr. Pexton as Gas Research Fellow. Dr. Monk- 
house was charged with the investigation of the liberation 
of nitrogen and sulphur. from coal and coke; he studied 
particularly the influence of different gaseous atmospheres, 
and of the temperature at which the coke had been pre- 
pared. Mr. Pexton’s study was specially directed to the 
action of steam in liberating nitrogen and sulphur, and the 
velocity of gasification at different temperatures of cokes 
prepared in different ways. Two years’ work is repre- 
sented in the paper given below, Mr. Pexton having been 
occupied with the subject for a year before taking up the 
Gas Research Fellowship. 


J. W. C. 
INTRODUCTION. 


TueE increased application of gas to industrial and 
domestic heating has led to extensive developments in 
methods of manufacture. Until a comparatively recent 
date, town gas was almost exclusively prepared by carbon- 
izing coal in fireclay retorts; and the potential energy of 
combustion of the gas yielded amounted to only 25 p.ct. of 
that of the coai, 50 p.ct. remaining in the coke. Though 
coke is a valuable smokeless fuel, the enhanced value of 
gaseous as compared with solid fuels has led to the desire 
for the economical conversion of part of the coke into gas. 
The methods of effecting this, which are capable of large- 
scale application, involve the gasification of coke by steam, 
either as in vertical retorts where steaming is practised, 
or as in the separate generators of blue and carburetted 
water-gas plants. As increased importance is being 
attached to the gasification of coke in steam, it becomes 
more essential to understand it and the behaviour of the 
nitrogen and sulphur during the process. 

The high commercial value attached to fixed nitrogen 
has caused more attention to be paid to the recovery of 
nitrogen than tkat of sulphur from coal and allied sub- 
stances. In various German patents dating from 1878-81, 
Grouven ™ described a process for recovering the nitrogen 
of organic bodies as ammonia by burning them in a large 
excess of steam, and passing the products through a hot 
contact mass to complete the combustion of the tarry 
vapours. The process was recommended as a quantitative 
laboratory method for the estimation of nitrogen, and was 
later used as such by Beilby and by Mond; the quantity 
of steam used being twenty to thirty times ‘the weight of 
the sample to be analyzed. (Beilby, J.S.C.I., 1884, p. 222). 

Beilby °, who examined the gasification of oil-shale resi- 
dues and coal, with a view to recovering ammonia, em- 
phasized the importance of using a large excess of steam 
wherewith to preserve the ammonia formed. This he 
showed to apply to gasification both in steam and in air- 
steam mixtures. 

Mond’s “ researches, carried out about the same time, 
resulted in the successful development of his well-known 
gas-producer plant. His results, in agreement with those 
of Beilby, showed the possibility of recovering 60 p.ct. of 
the nitrogen of coal as ammonia by gasifying in air to which 
a liberal supply of steam had been added. 

Anderson and Roberts “, speaking of metallurgical cokes, 
claimed that the nitrogen compounds are embedded in the 
vitreous impervious mass which composes the cell walls, 
and that the extent to which they can be decomposed by 
steam is in proportion to the amount of coke gasified. 

Mayer and Altmayer distilled a Saar coal containing 
1'13 p.ct. of nitrogen for three hours. Steam was then 
passed through the coke residue maintained at the temp- 
erature of carbonization; and the ammonia yielded in suc- 
cessive periods of three hours was estimated. This was done 
at 600°, 700°, 800°, and goo® C,, with the following results. 








. (Livesey Professor). 




















TABLE I. 
é Nitrogen obtained as NH, (N in 
Time | Coal = 100). 
— Periods 
(Hours), : 
600° C. 700° C. | 800° C, | 900° c. 
Carbonization © to 3 | 10°83 | 19°17 | 21 38 | 20°57 
i 
| 
| 3 to 6 | 13°04 | 20°85 | 23°12 | 23°84 
6 to 9 38 8°53 9°64 [S35 
. g to 12 1°84 | 5°10 “08-1 ‘2°21 
Steaming )}| 12 to 15 |. O17 | 3°17} 397} — 
| 15 to 18 _— 1'50 2°14 _— 
| 1% to21; — _ I°12 _- 





Total ammonia yield, as a per- | 
centage of - re in the 


| 
rr | <— 


29°05 58°32 | 67°23 51°97 


Regarding the snails an interesting feature is the large 
proportion of nitrogen liberated as ammonia during the 
first three hours’ steaming. Though it is unfortunate that 
the percentages of coke gasified in this period have not 
been appended, it can be assumed that comparatively little 
gasification of the fixed carbon would take place at 600° or 
yoq” C. 

In 1914, immediately prior to the war, Salmang © ex- 
amined the factors influencing ammonia yields from the 
gasification of coal and coke. He concluded (a) that steam 
is essential to the formation and preservation of ammonia, 
and (6) that throughout the gasification of coke in steam or 
air-steam mixtures, the carbon-nitrogen ratio in the coke 
residue remains constant. The nature of the evidence 
brought forward by Salmang in support of this second con- 
clusion has not been published in this country, and it is 
proposed to quote some of his results. (See Table II.) 
The first six experiments refer to the gasification of a 
foundry coke, and the last two to a peat coke. 

Though Salmang’s theory suggests that the gasification 
of the fixed carbon of coke is necessary in order to allow 
sufficient contact between the nitrogen compounds and the 
steam, the following results taken from the William Young 
Memorial Lecture of 1918 suggest a more favourable out- 
look regarding ammonia recovery. By distillation of various 
coals at 800° C. in an atmosphere of hydrogen saturated with 
steam at 85° C., yields of ammonia corresponding with 40 to 
70 lbs. of ammonium sulphate per ton of coal were obtained 
with a sacrifice of something less than 5 p.ct. of coke. The 
probable reasons for such large ammonia yields are two. 
First, the hydrogen-steam atmosphere in which carboniza- 
tion took place would be of the greatest assistance in pre- 
serving any ammonia formed ; and, secondly, the hydrogen 
and steam would have every chance of reacting with the 
primary solid products of carbonization. 

Monkhouse and Cobb “ have shown that the whole of the 
combined nitrogen in coke can be liberated by the action 
of steam, with the consequent complete gasification of the 
fixed carbon, but that portions may or may not be liberated 
by heating the coke in nitrogen or hydrogen, depending upon 
the treatment it has received during preparation. High- 
temperature cokes (1100° C.), and those which have been 
subjected to the action of gases containing hydrogen at a 
medium temperature (say) goo° C. for a long time—(¢.g., 
bye-product metallurgical coke), are devoid of those nitrogen 
compounds which yield ammonia when heated in hydrogen. 
Low and medium temperature cokes contain nitrogen com- 
pounds decomposable on heating in an inert atmosphere 
(nitrogen) or hydrogen, yielding ammonia. 

Much less attention has been given to the behaviour of 
the sulphur compounds of coal and coke during gasifi- 
cation. 

Wuest and Wolff ” completely gasified a Ruhr metal- 
lurgical coke in steam at temperatures ranging from 500° to 

1000° C., and absorbed the sulphuretted hydrogen evolved 
in cadmium acetate solution. The sulphur recovered in 
this way amounted to only 54 p.ct. of that in the coke; some 
being lost as SO, and SO,. 
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TaBLeE I1.—Gasification of Coke. 
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Gasifica- amine ; taken. added. ae 
tion. °C, Ge eer, Litees. Grammes. | Grammes. | Weight in Cc. 
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(a) 1050 much 








° 30 - 80 _— 
1100 ° 20 _ 15°3 81°00 
1100 395 ° 20 _ 17°8 83°! 
1100 124 ° 19 I 15°9 80°6 
900 410 151 30 — 23°6 6 
goo 396 66°5 28°5 I'5 20°5 ns 
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RESIDUE. Ammonia YIELD. 
H Ss. Ash Weight. | P.Ct. of 
P.Ct P.Ct P.Ct. P.Ct CIN Grammes. | Gasified N. 
“Tr; 0°72 — ae - 0° 107 35°9 
0°39 0°89 0°87 16°3 gI's . 0'007. | 8'4 
0°88 0°95 0°83 13°4 87'0 0'004 | 10°3 
o'7I 0°94 0°72 17°7 85°4 O’OI4 27°3 
0°59 0°92 0°85 14°7 90°2 59°° 
o'52 0°89 _ 21's 2 | 62°8 
= Ae 
- 0'07 — 167 0'029 | 34°7 
> o'I9g _- - 163 o'O12 17°! 




















Powell “” has studied the sulphur compounds associated 
with various kinds of coke. He concludes that cokes such 
as are prepared in the laboratory by rapidly heating coal 
contain sulphur in three forms: (a) Adsorbed free sulphur ; 
(b) sulphur in solid solution in the carbon; and (c) ferrous 
sulphide, together with smaller quantities of sulphides of 
other metals. Unoxidized commercial samples of coke 
contain two forms, (b) and (¢) ; type (a) having been decom- 
posed by hydrogen, or transferred into solid solution, during 
the long heating period. These constituents differ in sta- 
bility when coke is heated in hydrogen; and consequently 
variations in their amounts largely determine the extent to 
which coke can be desulphurized by hydrogen. Powell 
found that only 20 p.ct. of the sulphur of bye-product coke 
could be removed by prolonged treatment in the coke-oven 
with gas containing 50 p.ct. of hydrogen. 

Monkhouse and Cobb “ showed that hydrogen at 800° C. 
attacked the sulphur constituents of coke prepared in the 
laboratory at 1100° C., but did not affect the nitrogen con- 
stituents. 

EXPERIMENTAL. 


In view of what has already been said, it will. be readily 
understood why it was necessary to examine more than one 
kind of coke. To eliminate some of the variables, one coal 
was used for the preparation of a number of cokes, the 
differences of which could then be ascribed to variations 
in method of carbonization. For the purpose, a typical 
bituminous coal from Blackwell Colliery, Derbyshire, having 
the following composition, was used. 


Proximate Analysis 


Ultimate Analysis 
(Air Dried). 


(Aw Dried). 





P.Ct. P.Ct, 
Loss at 105°C... 4°6 Loss at 105° C. 4°6 
Volatile matter . 34°5 Carbon. . 73°1 
Ash ; ; . « © « + «+ §°2 Hydrogen . S 7 
Fixed carbon . <<... 55°79 Nitrogen 1°44 
Sulphur 2°5 

me Gs See 4 ttl 52 

Oxygen (by difference) . 7°5 

100'0 

Ash Analysis. 

P.Ct. 
tS A ee ee ee ee ee 
Alumina (Al,03) andtirania. . . . + + «© + IQ'I 
Iron oxide (FegOs). . . » -+ «© © «© © «© « 32°4 
a lee on a ne a en er er ae Se 
Magnesia (MgO) ....+ + + © « « « trace 
Sulphuric oxide (SOs)... .. . + «© © «© © © %°4 
Alkalis (KgO NagO), anddifference. . . . . +. 6°7 


Fic. I. 











PREPARATION OF COKES. 


800° C. Coke-—A sample of crushed coal weighing ap- 
proximately 2 kilogrammes was weighed into a horizontal 
retort such as is used in laboratory distillation tests. A 
thermo-couple enclosed in a silica sheath was fixed so that 
its hot junction rested in the centre of the coal mass. Tem- 
perature readings were taken every three minutes during 
the heating to enable the curves shown in fig. 1 to be 
drawn. On reaching the required temperature, this was 
maintained until gas issuing from the ascension pipe failed 
to produce a flame when a light was applied. The coke, 
after being allowed to cool inside the retort, was weighed. 
Portions within half an inch of the retort walls were dis- 
carded, and the remainder was ground; the portion passing 
a sieve of 3-in. aperture, and remaining on a sieve of 3,-in. 
aperture, being analyzed, and stored in air-tight vessels. 

1100° C. Coke.—Owing to the impracticability of attaining 
a temperature of 1100° C. in the retort mentioned above, a 
fireclay crucible heated in an injector furnace was adopted 
for the preparation of this coke. Coal was weighed into the 
crucible, and the lid was cemented in position with fireclay 
slip. In the lid was drilled a hole which, besides affording 
an exit for the gases, served for the introduction of a thermo- 
couple sheath into the crucible. A temperature of 1100° C. 
was maintained throughout the coke mass for approximately 
the same period as was necessary to burn-off the charge 
at 800° C. A heating curve is showninfig.1. The furnace 
was then shut off, and the coke was allowed to cool in posi- 
tion. It was then crushed; and the portion passing a sieve 
of 4-in. aperture and -retained by one of J,-in. aperture was 
analyzed, and stored in air-tight vessels. 

The following coke yields were obtained in the labora- 
tory: . 
800° C. coke . 65°5 p.ct. 
sree CON kt ee Ow * eeth 63 


Metallurgical Coke-—A sample of bye-product coke, pre- 
pared from the same coal at Blackwell coke-ovens, was 
used. 

Various portions of these samples of coke were treated 
with steam for different lengths of time. In this manner 
a series of coke residues representing successive stages 
in the gasification was obtained. A constant steam supply 
was maintained by saturating a steady stream of nitrogen 
with water vapour at a fixed temperature. 


Perion or Coxinc. 
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DESCRIPTION OF APPARATUS. 


The experimental arrangement found most suitable is 
illustrated in figs. 2 and 2a. Nitrogen taken from a cylin- 
der, after being passed over red-hot copper gauze, was led 
into one of the two 20-litre gasholders, each of which could 
be independently connected to the train of apparatus. To 
remove final traces of oxygen, the nitrogen was washed with 
alkaline pyrogallate solution in a spiral B. The gas, dried 
by sulphuric acid in a Winkler worm C, passed through a 
capillary constriction connected in parallel with a sulphuric- 
acid gauge D. This enabled rates of flow to be accu- 
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rately controlled, and also facilitated reproduction of the 
same rate of gas-flow in different experiments. From 
the capillary gauge, the nitrogen could be led either 
direct into the reaction tube via tap f, or into the satu- 
rator G. The saturator consisted of a Claisen flask contain - 
ing water maintained ata suitable temperature. Nitrogen, 
bubbling through, carried water vapour with it up into 
the somewhat cooler side neck of the flask, where some 
condensation took place. A thermometer introduced at this 
point indicated’"the “saturation temperature of the gas 
entering the side piece, which carried it three inches into the 
reaction tube. 


toys 


O 


F | 

















BG. 











if 


WH 








UL eas GEES SS 












Ju 


Cl 
tion | 
passi 
gase: 
sulpl 
cove 
tions 
way 
catio 
eithe 
One 
nect 
was 
and 
to p 
mon 
estir 
toa 
end 


coke 
vari 
The 
min 
the 
envi 
spac 
suit 


posi 
into 
Tag 


Eva 


. cate 


so a 
nec 
fall 
was 
% 0} 
tem 
cou 
resi 
qui 
and 
Co! 


con 





he 
ym 
1er 
tu- 
iti- 
en, 
ato 
me 
his 
yas 
the 


JULY. 4, 1923.] 


GAS JOURNAL. 








163 





Closely connected with the saturator was the silica reac- 
tion tube surrounded by a tubular electric furnace. After | 
passing through the tube packed as indicated later, the | 
gases were freed from ammonia by bubbling through dilute 
sulphuric acid in washers K and L. The ammonia re- 
covered in this way was determined by making the solu- 
tions alkaline, and distilling into standard acid. A three- 
way tap ¥ at the outlet L rendered independent communi- 
cation possible between the main part of the apparatus and | 
either of the two branches connected to it at this point. 
One branch consisted of a second three-way tap y con- 
nected to mercury gauge Q anda vacuum pump. Theother | 
was made up of two cadmium acetate washers N and O, 
and a bottle M containing dilute sulphuric acid, introduced 
to prevent the back diffusion of ammonia from the am- 
moniacal cadmium solutions into the washers used for the 
estimation of ammonia. The device shown at P, connected 
to a pump, enabled a constant suction to be applied at the 
end of the apparatus. 

In order to determine the most suitable position for the 
coke column, the reaction tube was raised to 850° C., and 
variations in temperature along its length were plotted. 
The coke column, 2 to 3 in. in length, was placed so as to 
minimize the contact of the products of gasification with | 
the hot parts of the tube, and also so that it was completely 
enveloped in the region of uniform temperature. The free 
space at the ends of the tube was minimized by filling with 
suitably perforated fireclay blocks. 





MeTHOD oF WorRKING. 


Coke was weighed into the tube, and was packed in 
position by means of the blocks. The tube was introduced 
into the furnace and connected to the saturator and washers. 
Tap @ was closed, f opened, and x and y were adjusted so 
as to connect the gauge and pump to the furnace tube. 
Evacuation was commenced ; and when the gauge Q indi- 


. cated barometric pressure, the three-way tap y was reversed 


so as to cut out the pump and leave the apparatus in con- 
nection with the gauge. Any leak (indicated by a steady 
fall in the mercury level) was remedied; and the apparatus 
was filled with nitrogen from A. Taps a and f were closed, 
x opened, and the coke and saturator brought to the desired 
temperatures. The hot junction of the protected thermo- 
couple used for registering the temperature of coke charge 
rested in the coke mass, as shown in fig. 2a. At the re- 
quired moment, steaming was started by opening taps a 
and g and applying a suction at the end of the apparatus. 
Conditions of temperature and gas flow were maintained 
constant throughout each experiment. At the conclusion, 


’ 


| tap x was closed. 










































the saturator was by-passed by closing tap g and opening 
tap f; and the hot water surrounding the saturator was 
syphoned off. Dry nitrogen was passed through the 
apparatus for half an hour, at the end of which period 
When the apparatus was cold, the coke 
residue was removed, weighed, and analyzed. The sul- 
phuretted hydrogen evolved was estimated as described in 


| the appendix. 


In deciding the temperature at which the comparison of 
the 800° C. and 1100° C. cokes should be made, chief con- 
sideration was given to the realization of a suitably high 
rate of gasification for the r100°C.coke. From the follow- 
ing results obtained in a preliminary series of experiments, 
it was clear that the use of temperatures such as 800° C. or 
even 850° C. would necessitate very lengthy experiments ; 


and goo°® C. was chosen. 
Percentage of r100° C. 


Temp. °C. Coke Gasified in the 
First Hour. 
800 Very small. 
850 34 p.ct. 
goo ie 


Series 1.—GasiFiIcaTion oF 1100° C. Coke aT goo® C. 


The simpler case of the 1100° C. coke was first studied. 
The results are given in Table III., and graphically repre- 
sented in fig. 3 

The carbon and nitrogen gasified at the percentage rate, 
with constancy in the carbon-nitrogen ratio, over the range 
of gasification examined. Due presumably to dissociation, 
the quantities of nitrogen recovered as ammonia fell far 
short of those gasified. The coke was rapidly desulphurized 
up to a certain point, beyond which the rate of evolution of 
the sulphur diminished in such a way as to suggest the 
establishment of a constant ratio between the percentages 
of carbon and sulphur in the’coke residue, 

The possibility of bye-product hydrogen desulphurizing 
the coke and disturbing the constancy of this carbon-sulphur 
ratio is small except at very low rates of gasification. Prac- 
tically the whole of the sulphur was recovered in the cad- 
mium acetate washers. It was therefore sulphuretted hy- 
drogen, along with any carbon oxysulphide produced at 
the same time. There had been no dissociation of sul- 
phuretted hydrogen, though the corresponding compound 
of nitrogen, ammonia, produced under the same conditions, 
was sometimes extensively dissociated. 


SERIES 2.—GASIFICATION OF 800° C. Coke ar goo°C. 


The results are given in Table IV., and graphically repre- 
sented in fig. 4. 
Comparing the results with those of Series 1, marked 


Tas.e II].—Gasification of 1100° C. Coke in Steam at goo° C. 
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| 2 3 4: 5 6 
| 
| | 
Duration of steaming (hours) . 5 es! ae 0'5 1°2 1°75 30 3°8 6°5 
Rate of flow of nitrogen (litres vay hour, at 15° C. ) paras 5°0 4°7 4°6 4°7 4°7 4°8 
Saturation temperature (°C.) . Ta Te ae 85 85 85 85 85 85 
Size of coke particles . P i by - | sin. to yy in.| £ in. to yy in.| in. totin. | sin. to yy in 4 in. to 5 in. | § in. to 5 in. 
Weight of coke taken (grammes) 10°37 10°57 12°24 12°89 8°88 12°93 
Weight of coke residue 9°80 9°68 | 10°64 9°27 5°38 4°11 
Weight of coke gasified . 0°57 0°89 | 1°60 3°62 3°50 8°82 
Percentage of coke gasified . Mis pit Mik WA fe cle Ae 5°5 84 130 28°1 39°4 68°2 
Analysis of coke —_ at 105° c. ) | 
Carbon. . 89°62 88°74 | 88°74 88°83 89°21 
Hydrogen. 0°36 0°33 0°33 0°36 0°35 
Nitrogen . 1°05 1°05 | 1°05 1°05 I 05 
Sulphur 2°00 2°00 2°00 2°0G 2'00 
Ash 7°5° 8°62 | 8°62 8°00 7°82 
Total . 100°53 10¢ "74 100°74 100°24 100° 43 
Carbon-nitrogen for coke . a -_— 84°5 ———_—$ — —___—__ > 
Carbon-sulphur for coke . 5 ergy as < 44°5 => 
Analysis of coke residue ¢ (dried at 105° c. ) | 
Carbon. bi bina 88 96 88°17 87°85 87°25 86°58 76°69 
Hydrogen . 0°36 0°38 0°32 0°37 0°45 0°35 
Nitrogen . 1°06 1°06 | I‘ 1°05 1°04 0°93 
Sulphur . ofl jective? eye rte Yer ee hr et ie 1‘80 1°82 1°41 1°06 1°08 0’9g0 
Ash Qk a a eye ee ee ee eee ee | 7°92 9°30 9°77 10°42 I1‘gl 21°88 
Total 100° 10 100°73 100° 46 100°15 100° 46 100°75 
Carbon- nitrogen in residue . 84 83 | 79 83 83 | 82 
Carbon-sulphur in coke residue . 49 48 62 82 80 85 
Percentage of carbon gasified Sass dur tats weno 6°25 8°7 13°5 29°4 40°6 72°7 
Percentage of nitrogen gasified. . ee eee 50 | 8'o 7'° | 26°7 40'0 71°79 
Percentage of nitrogen recovered as ammonia | I‘o 4'0 3'0 6'o 14°4 36'0 
Percentage of nitrogen unaccounted-for 4°0 4°0 4°0 | 20°7 25°6 35°7 
Percentage of sulphur gasified 15 20 36°7 62 67°7 86'1 
Percentage of sulphur recovered in "cadmium acetate washers | 15 } 20 os 61 57°2 ee 
Percentage of sulphur unaccounted-for . . o 8 oe | oe . | : 
| 
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TaBLe IV.—Gasification of 800° C. Coke (First Sample) at goo° C. 


(Moderate Amount of Steam Used). 
























































No, of Experiment . i». + 7 8 9 10, II, 12. 13. 14 15. 
Duration of steaming (hours) . Nil o's 0°75 o'9 1'o 2°75 3°25 4'5 6°57 
Rate of flow of nitrogen ies per 

hour, at15°). . . «(Coke raised 6'0 5°0 4°56 4°7 6'0 6°61 5‘88 52 
Saturation temperature (°C) » «| to goo° and 85 85 89 8 85 89 87 87 
Size of coke particles. . . . | cooled in Naif in. to yy in.|§ in. to, in.'3 in. to gy in.|4 in. to yy in.'g in. to x in.|g in. to x in. |g in. to yh in.|4 in. to gy in. 
Weight of coke taken (grammes) 11°76 12°O1 10°05 11°58 II‘29 13°22 II'99 12°25 14°52 
Weight ofcoke residue . .. . 11°40 10°30 7°73 8°42 7°88 6°45 5°29 3°90 1°69 
Weight of coke gasified . .. . 0°36 1°92 2°32 3°16 3°41 6°77 6°70 8°35 12°83 
Percentage of coke gasified . . 3°1 14°2 23°! 27°3 30°2 51'2 558 68°2 88"°4 
Analysis of coke woe at 105°C, “wat 

Carbon . . psa ee tna 85'09 86°26 85'00 85°67 86°49 85°41 85'41 85°34 86°49 
Hydrogen... . 1°05 1°06 0'96 I*1Io I'I3 1°04 1°04 1°05 1'I3 
Nitrogen . Pe | 1°59 1°61 1°60 1°60 1°61 1°59 1°59 1°62 1°61 
Sulphur. .. . “a 2°27 2°21 2°26 2°20 2°12 2°20 2°20 2°14 2°12 
pee re »|° 9°66 8°69 9°57 9°61 7°92 9°40 9°40 9°38 7°92 
BOE 0 GETS ES a ee | 99°66 99°83 99°39 100° 18 99°27 99°64 99°64 99°53 99°27 
Carbon-nitrogen forcoke . . . |qu 53'5 je RAE EES Se is PEN 
Carbon-sulphur for coke. . << 39°0 Ss 
Analysis of coke residue (dried at | 
105° C.)— | 
ee ar 85°66 | 86°47 83°74 83°70 84°95 79°14 75°99 7O'ts5 28°69 
ee eee eee Gee | 0°65 0°61 0°59 0°85 0°87 | 0°86 0°66 0°47 
pot i ire ir a | 1°56 1°44 1°30 1°29 1°31 I°l5 } 1°06 1°00 0°39 
Sulphur... . sb ea, | 2°34 | 2°17 2°11 2°09 1°94 1°75 | 1°69 1°16 0'50 
ERLE MD ibe eee Tg | 9°52 12 13 | 13°00 11°77 18°20 | 20°33 26°37 710 
Total. . « « « ° 100°71 | 100' 25 99°89 | 100'67 99°82 IOI‘Il | 99°93 99°34 IOI'05 
| | —| 
Carbon-nitrogen in residue . ° 55 | 60 64 | 64 65 69 i oe 7° 73 
Carbon-sulphur in residue . | 37 | 40 40 | 40 44 45 =. 60 57 
Percentage of carbon gasified | — :- ae 23°1 | 2g'o 31°5 54°8 60°7 73°9 96'1 
Percentage of nitrogen gasified. .| 4°8 } ag°2 37°5 | 42°4 43°2 64°7 | wee 80°3 97'2 
Percentage of nitrogen recovered as | } 

ammonia. . _ | 1'5 70 4'I 5'9 14°3 | 29°5 | 29°3 26°4 
Percentage of nitrogen unaccounted. y 

wr... | 4°8 21°7 30°5 38°3 37°3 50°4 41°6 | §1°0 70°8 
Percentage of sulphur gasified . «il — 15'°8 28°1 33°6 35'9 61°3 | 66°0 82°7 96'6 
Percentage of sulphur recovered i in | 

cadmium acetate washers. . . _ | 14'0 23'°6 28'4 31'8 54'5 62'0 7178 88'9 
we of — naccouated 

for. . . : . | - 1°8 4°5 | 5'2 4°I 6'8 4'0 49 77 

















differences in the behaviour of the nitrogen, and also of the 
sulphur, constituents were observed. The nitrogen curve 
lay completely above the carbon curve, signifying that a 
larger proportion of the former ‘element had been gasified 
at any stage. During the first hour the nitrogen was evolved 
at a 50 p.ct. higher percentage rate than the carbon; 
and in consequence the carbon-nitrogen ratio in the residue 
increased. This increase proceeded, but at a diminishing 
rate, until a stage was reached beyond which the ratio could 
be regarded as constant. Constancy in the carbon-nitrogen 
ratio was not established until 50 p.ct. of the coke and 
70 p.ct. of the nitrogen had been gasified. This deviation 
from Salmang’s rule might at first sight be attributed to 
conducting this series of experiments 100° C. above the tem- 
perature of preparation of the coke; and experiments in 
which the same coke was gasified at 800°C. have since 
been made. (See Table V.) 

Low ammonia yields were obtained in the early experi- 
ments; and though an improvement resulted from in- 
creasing the rate of gas flow in some of the later experiments 
of this series, a maximum of only 40 p.ct. of the gasified 
nitrogen was recovered as ammonia. As it was assumed 
that most of the unaccounted-for nitrogen was formed by the 
dissociation of ammonia, a review of the factors influencing 
this dissociation was made. From a consideration of Mott 
and Hodsman’s “” experimental results, it was concluded that 
the most likely variable of importance was the concentra- 
tion of steam in the exit gases. - They found that 25 p.ct. of 
water vapour could completely inhibit the dissociation 
of ammonia at a temperature 50° C. higher than that at 
which dissociation was complete without water vapour. 
This has considerable bearing upon a comparison of the 
ammonia yields from Series 1 and 2, where 1100° and 800° C. 
cokes were gasified at goo° C. In the former case the coke 
gasified with a lower velocity than in the latter; and as the 
same quantity of steam was supplied per unit time in both 
cases, it is evident that more steam would remain undecom- 
posed and would contribute to the larger ammonia yields in 
Series 1. 

The coke in this series of experiments parted with its 
sulphur in a remarkably steady manner; no early period of 
rapid desulphurization of the coke existing as in the previous 
series. An explanation of the difference, not obvious at 
the time, was later developed in connection with another 
series of experiments, with which it is given. (See below.) 


SERIES 3.—GASIFICATION OF 800° C. Coxe aT 800° C. 
The results are given in Table V., and plotted in fig. 5. 
TaBLE V.—Gasification of 800° C. Coke at 800° C. 




















No. of Experiment ...... 16, 17. | 18, 19. 
Duration of experiment (hours) . . I'o 4°25 | 6°3 10°0 
Rate of flow of nitrogen ow per 

hour, at 15° C.). SS 57 | 3°8 | 2-1) 803 
Saturation temperature (° C. D ca eee 8 | 8 | 8 87 
Sizeofcoke . , ys 4 in. to y) in. 
Percentage of coke gasified i aes 9°4 | 33°0 | 45°0 | 64°7 
Carbon-nitrogen in coke prior to gasi- 

fication . ‘eons. 5 a — > 
Carbon-nitrogen in coke after gasifi- ) 

cation . . a 56° 5 65 | 65 73 
Percentage of carbon ‘gasified oe Io’! 34°3 49°4 68°7 
Percentage of nitrogen gasified . . 15°8 46'2 58°4 76'9 
Percentage of nitrogen recovered as 

NHg 6'o 36°6 47°7 65'°6 
Percentage ‘of ‘nitrogen unaccounted- 

for , oe) 3S 9°6 10°7 1I'3 
Percentage of sulphur gasified . os « «) 2% 51°4 | 60 oe 








The nitrogen-carbon results were precisely similar to those 
obtained with the same coke at goo® C. The ammonia 
yields were much higher than in either of the previous series 
because of the high concentration of steam in the exit gases 
and the lower velocity of decomposition of ammonia at 
800° C, 

The sulphur curve showed the same characteristics as 
that in fig. 3—marked desulphurization of the coke during 
early gasification, followed by a very low rate of sulphur 
evolution during the remaining period, in which the more 
tenaciously held sulphur constituents were gasified simul- 
taneously with the carbon. The quantities of sulphuretted 
hydrogen evolved in this series of experiments were not 
estimated. 

In order to test whether increasing the quantity of steam 
supplied would reduce the proportion of ammonia dissociated 
in the way suggested, it was decided to repeat the experi- 
ments of Series 2, using more steam. A sufficiently large 
sample of originally prepared 800°C. coke was not available; 
and another coke prepared according to the heating curve 
shown in fig. I was produced. This coke will be referred 
to as “ 800° C. coke (second sample).” 


SERIES 4.—GASIFICATION OF 800” C, Coke (SECOND 
SAMPLE) AT goo° C, 





The results are shown in Table VI., and are graphed in 
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TasLe VI.—Gasification of 800°C. Coke (Second Sample) at 900°C. (Large Excess of Steam Used.) 




































































CITE gt ba ead ws 8S et 20. | 21. 22. 23. | 24. 25. 26. 
= 22a LEE = —|—— —|— -|- —| 
Duration of steaming (hours) . ..... . 0°25 06 I'l | 1°75 2°5 3°75 4°5 
Rate of flow of nitrogen (litres per hour, at 15°C.) . 9°6 | 9°6 8°6 87 } 81 7'6 7'2 
Saturation temperature (°C.) . . . . . « . 92 92 92 93 | 93 93 93 
a ee ee ee eee ee 4 in, to 5 in. > 
Weight of coke taken (grammes) . . ... ++. -s 10°85 { 10°88 II'I3 | sas | 10°57 | 10°47 | 41°48 
EE Se eee, ene eee 9°98 9°27 8°15 6°82 4°95 3°12 2°61 
ee or Oe Gk kk te ee tk 0°87 1°61 "2°98 4°51 5°62 7°35 8°87 
Perositage of céke gasified . . . - . «© 5» « « «@ 2 8'o 14'8 26°8 | 39°8 | §3°% | Jos 77°3 
Analysis of coke (dried at 105° C.)— | 
ee Ss > ee ‘ 87°27 
EGRESS ARG 15 ieee a eae ee | o"go 
SR a ee aes ee 1°41 
Sulphur 2°10 } 
ee | 8°55 
| | amaeecemmnmns 
Total . } 100°23 
| - 
Carbon-nitrogen in coke . 2 we a a 62 _ 
Carbon-sulphurincoke . . . . . . .. se «  \€& —41'5 ————$———— 
Analysis of coke residue— | { 
EE ks. es ee ae eS ce 86°62 | 86'18 83°19 81°97 77°83 70°12 | 58°69 
Tec. 5 Gg is fis * we me 0°53 | 0°80 | o’81 o'80 0'73 0"90 | 0°63 
I ee ee: ee a ae 1°43 ¥°32 | 1°24 I°I5 1°03 0°84 0°64 
0 ee ee eee er ae ee 1°74 1°44 1°38 1°38 1°23 1°20 | 1°06 
EE ee a ee a ae a eee eee” ee 9°04 } 9'92 12°56 | 14°15 18°08 27°76 39°4 
| = “1 
eh te ee RA «tle @ A a 99°36 | 09°66 99°18 | 99°45 98°90 100°82 | 100"'42 
Carbon-nitrogen in coke residue . . ‘ 61 | 65 67 1. os 75 83 92 
Carbon-sulphur in coke residue. . . . .... ss 50 60 60 | 59 63 58 56 
Percentage of carbon gasified . . .....e.. 87 159 30°2 | 43°4 58°2 76°0 | 84°7 
Percentage of nitrogen gasified. . ... 70 |  20°0 = s | §0°9 65'8 82°2 | 89°7 
Percentage of nitrogen recovered as ammonia io oe i 4°7 | 15°6 30°0 | 45°3 58°5 70° 74°6 
Percentage of nitrogen unaccounted-for . ....,.. . 2°3 4°4 5°3 5°6 73 12°2 I5‘I 
Percentage of sulphur gasified ae ae 238 | 41°7 | 51°9 60°6 72°6 83 88°5 
Percentage of sulphur recovered in cadmium acetate washers 23°2 | 40 |} 50°8 | 57°0 73 78°4 82'8 
Percentage of sulphur unaccounted-for ar ae 06 1°77 I'l | 3°6 _— 4°6 57 








fig.6. The larger quantity of steam used in this series was 
produced by raising the saturation temperature and increas- 
ing the rate of gas flow. 

The nitrogen, with respect to the carbon, was gasified in 
a similar manner to that found in experiments Nos. 7 to 15, 
with the exception that practically the whole of it was re- 
covered as ammonia. The increased amount of steam sur- 
viving the passage through the coke column largely reduced 
the proportion of ammonia dissociated. 

The important bearing of the protective action of steam 
on ammonia at high temperatures may be illustrated by the 
following results of large-scale practice. 




















| ee P.Ct Concentra- | Percentage 
| Gasifying Agent Gieean tion of Gasified 
—_ per Lb. of Ash- Decom- | of Steam | Nitrogen 
Free Fuel. see in Exit | Recovered 
| P n Gases. as NHg. 
P.Ct. P.Ct. P.Ct. 
Blue water gas (12)) | *2°2 Ibs. of steam 
(Sixth Report of|| per lb. of coke ) | * 
Gas Investigation gasified during|; 7° - . 
Committtee) ia << « . 
Mond producer re-) | 
covery practice. | | 3'0 lbs. of steam. | | 6 - 
Saturation at 85°C. || 3:6 lbs.ofair. .|; 7” 37 = 
(Humphrey) . (13)’ | 
Producer with ame) | 
ration temperature | | 0°84 Ibs. of steam |) 
of 70° C, Bone and | |2°9 lbs.ofair . j Gr * 35 
Wheeler) ._ . (14) | 








* For this figure it has been assumed that 40 p.ct. of the coke is gasified in 
the ‘‘ run,” and is in the water gas. 


_ The first 40 p.ct. of the sulphur in Series 4, unlike that in 
Series 2,in which a similar coke was treated with a smaller 
quantity of steam at the same temperature, gasified in the 
Same time as the first 15 p.ct.of the carbon. This resulted 
in an increase in the proportion of carbon to sulphur in the 
coke. Beyond this stage sulphur was evolved slowly, and 
the proportion of carbon to sulphur in the residue remained 
almost constant. This general behaviour of the sulphur in 
all the series except the second made it rather difficult to 
understand the steady rate at which the sulphur gasified in 
that series. 

At the time, differences in properties of the first and second 
samples of 800° C. coke were accounted responsible. To 
test this point, a third sample of coke was prepared, and 
examined under the conditions of both Series 2 and 4. 


SERIES 5.—GasiFICATION oF 800° C, Coxe (TuirD 
SAMPLE) AT goo°® C. 


As the difference in question was confined to the early 
part of the gasification, only that portion was re-examined. 


In experiments Nos. 27 to 31 (Table V1I.), the conditions of 
Series 4 were reproduced with identical results. Thus the 
characteristics displayed by 800° C. coke (second sample) 
when gasified under the specified conditions at goc° C. 
were truly represented in the results of Series 4. 

An experiment (No. 32) was conducted using less steam ; 
and results similar to those of Series 2 were obtained. The 
ammonia yield was small, and very little sulphur was gasi- 
fied. This suggested an explanation for the apparently 
divergent results of Series 2 and 4. The smaller quantity 
of steam supplied in Series 2 and experiment No. 32 re- 
stricted the gasification of some sulphur constituent which 
decomposed rapidly when an ample supply of steam was 
afforded. To obtain further evidence on this point, the coke 
residues from a number of experiments were examined 
according to the analytical method described by Powell °” 
for determining the quantities of sulphur in each of the 
various forms. The iron extracted by boiling each of the 
samples with dilute hydrochloric acid was determined, to 
afford an indication of any variation in the composition of 
the inorganic constituents of the coke. None of the samples 
contained pyrites or sulphates. (See Table VII.a.) 

Where a large amount of steam was used, with a conse- 
quent high concentration of steam in the gases leaving the 
coke, the sulphide constituents decomposed rapidly and in- 
dependently of the carbon. Hence the steepness of the sul- 
phur curve at the outset. When the bulk of the sulphides 
had been decomposed, the remaining sulphur existing in 
close association with the carbon was gasified simultaneously 
with the latter. 

In experiments Nos. 7 to 15 and Nos, 32 and 33, where 
less steam was used, the rate of decomposition of the sul- 
phides was much smaller, thus diminishing the deviation of 
the sulphur curve from that of the carbon. 

In order to examine the effect of various temperatures 
upon ammonia and sulphur recovery, and also upon the 
velocity of gasification of coke, samples of one kind of coke 
were gasified at 800°, 950°, and 1000° C. 


SERIES 6.—GASIFICATION OF 800° C, CokE (SECOND 
SAMPLE) AT 1000° C., 
The results are given in Table VIII. and fig. 8. 
The similar behaviour of the nitrogen compounds of this 
coke at goo° and 1000° C. is shown from the following results 
taken from the nitrogen curves of figs. 6 and 8: 


P.Ct. coke gasified. . . . . 10 20 30 50 60 7o 80 
P.Ct. nitrogen gasified at r1000° C. 12°5 26°5 40 63°5 73 82 9gI 
P.Ct. nitrogen gasified at g00o°C. 13°5 26°5 39°5 63°O0 72°5 82 92°5 
Owing to the high velocity of dissociation of ammonia at 
1000° C., only small yields of ammonia were obtained. 
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TaBLe VII.—Gasification of 800° C. Coke (Third Sample) ai 900° C. 





No. of Experiment 


Duration of steaming ened 


Total volume of nitrogen passed (litres, at 15° c. ) ; ; ; 


Weight of steam passed (grammes) 
Size ofcoke. . ° 
Weight of coke taken (grammes) ° 
Weight of coke residue ... . 


Weight of coke gasified 


Percentage of coke gasified . ene ae 
Analysis of coke (dried at os" C. = 


Carhon . . . ‘ 
eayperomeGh ssw wt . ° 
Nitrogen . 4 
Sulphur. . : 
eee 6 hs 


Total . 


Carbon-nitrogen in coke . 
Carbon-sulpkur in coke 
Analysis of coke residue— 
Carbon . i 
Hydrogen 
Nitrogen 
Sulphur . 
Ash 


Total . 


Carbon-nitrogen in coke residue 
Carbon-sulphur in coke residue 
Percéntage of carbon gasified 
Percentage of nitrogen gasified . 
Percentage of nitrogen recovered as ammonia 

Percentage of nitrogen unaccounted-for 

Percentage of sulphur gasified ° 

Percentage of sulphur recovered in cadmium acetate washers 
Percentage of sulphur unaccounted-for . ery ay 
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Large Proportion of Steam Used. 














Steam Used. 






















“44 
“30 
“40 
“95 


(2°00) 








4°75 o'75 1°66 
43°2 | 4 13 
119 | 4 28 
-_—— > 
10°18 | 9°55 10°54 
1°55 | 7°50 | 6 59 


| 4 37°5 
| 
88°22 88°22 
1°30 | 1°30 
1 40 | 1°40 
1°90 1°90 (2°00) 
6°80 





| Smaller Proportion of 
| 
| 
| 



















































19°5 
I‘t 

33°1 

33 





76" 46 


46 46 43 5 
53°4t 87°O1 84°54 
° I‘1Io 0°80 
. I‘22 I‘1o 
2°O1 1°79 

8° ‘ 























TaB_Le VII.a. 


43 5 
go'8 225 39°2 
° 32°0 509 
85°0 4'0 42°0 
28°0 8°9 
16°8 44°1 
80'0 12 3 41'°7 
4°5 2°4 






































































































































| P.Ct. Sulphur Present : Percentage of Iron 
No. of Experiment. of pee cag nl 4. P. 4. Cole | “7 a ( other than Pye - caer forms in the by Bolling Dilute HCl 
| nue | to Gasification.” 
Prior to gasification. . _ _ | cae. 0°95 1°25 20 
2 Small ee rt | Pom a 
Prior to gasification. . oo - 0°70 | 1°30 1°73 
a Large | oar | , A wee 
Prior to gasification. . | — | _ | 1° o*61 | 1°36 1°67 
32 | Small | 21°4 | . 0°49 | "52 | rae 
TaBLe VIII.—Gasification of 800° C. Coke (Second Sample) at 





No. of Experiment 


Duration of steaming (hours) 


Total volume of nitrogen passed (litres, at N.T.P. >), 
Weight of steam passed en ; 
Sizeofcoke. . . 


Weight of coke taken ede 
Weight of coke residue J 


Weight of coke gasified 


Percentage of coke gasifed 

Analysis of coke (dried at 105°)— 
Carbon . 

Hydrogen 

Nitrogen 

Sulphur 

Ash . 


Total . 


Carbon-nitrogen in coke . 

Carbon-sulphur in coke . ‘ 

Analysis of coke residue (dried a at 105° c. a 
Carbon 

Hydrogen . 

Nitrogen 

Sulphur 

Ash. 


Total . 


Carbon-nitrogen in coke residue 
Carbon-sulphur in coke residue 
Percentage of carbon gasified 
Percentage of nitrogen gasified . 
Percentage of nitrogen recovered as NH, . 

Percentage of nitrogen unaccounted-for 

Percentage of sulphur gasified . 

Percentage of sulphur recovered in cadmium acetate washers 
Percentage of sulphur unaccounted-for ¢i-te 


34+ 


35+ 





dite, * 


Nil 
Coke raised to, 
and cooled 
from, 1000° C. 


in 


9°87 
9 60 





Ir‘1%2 


¢ teac° C. 






38. 39 






































12°5 15°8 
43 54 

> 
11°77 | 11°46 











0°27 


4°60 








2°8 


88°60 
0°99 
I‘4! 
2°15 


4i"4 


86°60 
0’90 
1°41 
2°15 

















3° 2° 
8°22 9°15 
69°8 79°8 
85°75 85°75 
0°85 0°85 
1°41 1°41 
215 2°15 
9 80 9°80 















86°94 





44 


85°24 


°° 


1°26 
1°90 


40 


81°50 
0°55 
1°86 
16°02 



























40 40 
64°35 | 50°75 
0°68 0°65 
0°86 | 0°66 
1°47 1°20 
| 

















45 


28°3 
33°9 
11°8 
22°1 
29°7 
27°5 


2°2 





44 
44°9 
56°4 
10°o 
46°4 
49°3 
44°0 























77°4 | 88'1 
81°6 go0'5 
16°7 15°4 
64 9 |} 75°! 
79°4 | 89'1 
69°2 ly ae 
10°2 | 11°6 
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The sulphur gasified in a remarkably steady manner at 
apptoximately the same percentage rate as the carbon. The 
early independent decomposition of metallic sulphides was 


masked by the rapid gasification of the carbon. From the 
conclusion arrived at regarding the behaviour of sulphur in 
Series 2, it might be suggested that an insufficient steam 
supply had been allowed; but this seems unlikely, as the 
steam used amounted to five or six times the weight of coke 
gasified. It thus appears that at high temperatures, where 
the gasification of the coke is extremely rapid, it becomes 
more difficult to separate the sulphide sulphur from the coke 
without gasifying the carbon. 

The following figures, using Powell’s method of deter- 
mination, illustrate the progress of decomposition of oe 
sulphides of the coke when gasified at 1000° C. 








| 
P.Ct. of 
P.Ct. of Sulphur P.Ct. of Sulphur as ay : 
No, of Sulphur in 
. + Coke Content of | Sulphides (Other than 
Experiment. Gasified, Coke, Pyrites) in the Coke. pay — 

Prior to gasification . pe = He 
35 26°0 1*90 0°33 1°57 
37 | 49°3 1 85 o°31 1°54 

















SERIES 7.—GASIFICATION oF 800° C. CoxE (SECOND 


SAMPLE) AT 950° C. 


The coke residues from this series of experiments were 
not analyzed as in others, but were reserved for the deter- 
mination of the changes in specific gravity and porosity which 
occur during the combustion of coke. 

The nitrogen and sulphur recovered have both been esti- 
mated ; and the results are reported in Table IX. In order 
to estimate the proportion of ammonia lost by dissociation, 
it has been assumed that the nitrogen in this series gasified 
according to the nitrogen curve given in figs. 6 and 8. 
That this is justified, will be seen from a consideration of the 
figures given above, relating to Series 6. 


TasL_e 1X.—Gasification of 800° C. Coke (Second Sample) 








at 950° C. 

No. of Experiment. . . . « «°« 40. 41 42. a 1 ae 
Duration of experiment (hours) 0°33 | 0°6 I'o I°5 2°t 
Volume of nitrogen passed (litres, | 

at N.T.P.) 36 | 6°8 | 12°39 | r7°t 22°7 
Weight of steam passed (grammes) 15 | 27 49 68 gI 
Percentage of coke gasified. 1g*2 | 32°9 | 49°8 | 66°3 | 79°4 
Calculated p.ct. of nitrogen gasified 26'0 | 44°0 | 63'0 | 78°5 90'5 
Percentage of nitrogen recovered : 

asammonia. . 12°! 24°8 39°0 50°6 61°6 
Percentage of nitrogen gasified re- | 

covered as NHs _ . 47 | 56 62 64 68 
Percentage of sulphur "recovered | | 

as H,S . c ole « oe? pete hens | 9a°s “857 














Taking 950° C. as the average temperature of the fuel 
bed of a water-gas generator during the run, a comparison 
of the conditions and results of these laboratory experiments 
with those of large-scale practice, as described in the Sixth 
Report of the Gas Investigation Committee, “” has been 
made. 

The steam used in the laboratory experiments was 3} 
times that used in practice. 




















| Propor- Time of 
Average | tion of or P.Ct. of Contact ot 
— | perature| Entering)f Steam) Ny gasified |osequye 
ie Coke. See in Exit as NHs. Sg as 
posed, Gases. Secs. 
| 
Large-scale experi- | 
ments (Sixth Report) | g60° C. | 70 p.ct. | 17 p.ct. |Approx.1 p.ct.*| 2-24 secs. 
Laboratory experi- 
ments 950° GC, | 20 p.ct. | 60 p.ct. 65 p.ct. © 2 secs, 
= go lbs. of 
} sulphate per 
} | ton of coke 
| | 





* This refers only to the nitrogen gasified during the “‘ run." 


The concentration of steam in the gases in contact with 


mine the ammonia yield, apart from any influence it may 
exercise on temperature. © 

The percentage of sulphur evolved as sulphuretted hydro- 
gen (Table IX.) indicated that the sulphur of the coke gasified 
in a similar manner to that observed at goo® C. 


SERIES 8.—GaSIFICATION OF 800° C. CoKE (SECOND 
SaMPLE) aT 800° C. 


No analyses of the coke residues from this series of ex- 
periments have been made. On account of the smallness 
of the dissociation of ammonia and loss of sulphur, the 
nitrogen recovered as ammonia and the sulphur recovered 
as sulphuretted hydrogen would represent very large 
proportions of the respective amounts of each gasified. 
For this reason the sulphur and nitrogen recovered have 
been plotted against the percentages of coke gasified, to 
produce curves comparable with those of other series 
(fig. 9). The nitrogen curve was similar to that of 
Series 4 and 6, showing that the mechanism of breakdown 
of the carbon-nitrogen complex is independent of tempera- 
ture and concentration of steam in the gases in contact 
with the coke. The sulphur curve was exceptionally steep 
in the first stage, because of the low rate of gasification of 
this ‘coke at 800° C. and the high relative rate of decompo- 
sition of the — constituents. 


TaBLE X.—800° C. Coke whansanst Sample) Gomtet at 800°C. 


cae _—- 























No. of Experiment. ... . 45. | 46 | 47° 48. | 49 50. 
| 
Duration of steaming (hours). .| 15) 4°90) 55/ 9°5 I1‘5 | I9‘0 
Volume of nitrogen passed (litres, 11 | 27 38 60 | 70 112 
at N.T.P.) 25 | 62 87 |138 |160 |270 
Weight of steam passed (grammes) | 
Percentage of coke gasified . . 7'5 | 15'7 | 21°2 | 35°8 | 42°5 63°0 
Percentage of nitrogen recovered 
OGwles ss es 3 «| 69 | Roe: | 262 | agS 1 58°6 | ors 
Percentage of sulphur recovered . | 38:2 | 50°0 | 51°8 | 62°0 | 67°90 78°7 





THE VELOocITY oF GASIFICATION OF COKE IN STEAM. 


If coke is gasified in steam the process is endothermic; 
and within wide limits the heat of reaction can be supplied 
by a furnace in the ordinary way, so that a steady tempera- 
ture can be maintained. It was hoped that useful results 
might be obtained as to the comparative velocities of gasifi- 
cation of differently prepared cokes at the same tempera- 
ture, and of one coke at different temperatures; alterations 
in the velocity of gasification as the process proceeded 
being observed. 

Before continuing, a measure and definition of the com- 
parative velocity of gasification seems to be called for. It 
is determined as the percentage of the average amount 
of coke present during a noted time interval gasified in 


unit time. 


G 
Thus the velocity is a =, where G is the 


weight of coke gasified during the interval, C the average 
weight of coke present during the interval, and ¢ the dura- 
tion of the interval in hours. 

In fig. 10, the percentages of 800° C. coke (second sample) 
gasitied in a number of experiments at various tempera- 
tures have been plotted against time. The curves are 
almost linear, which is interesting and important. It means 
that the velocity of gasification of coke, as defined above, 
increases as gasification proceeds—i.c., that the coke resi- 
due becomes more and more combustible. This is best 
illustrated by reference to the figures below, calculated from 
data obtained from the curves of fig. 10 

If the assumption is made that volatility of gasification 
depends upon the effective surface area per unit weight of 
coke material exposed to oxidizing gases, then the attack of 
the steam upon the coke in these experiments has plainly 
changed its structure in such a way as to increase the 
effective surface. Though direct verification is impracti- 
cable, because of the lack of a method for measuring surface 
area, a consideration of the changes in specific gravities 
and porosity which coke undergoes during gasification (see 
Table XIV.) indicates that the increase in effective surface 
has occurred through an increase in open pores. 

In order to obtain a representative value of the velocity 
of gasification for each temperature, the figures in the last 
line of each of the four sections of Table XI. have been 





the coke (and time of contact) evidently goes far to deter- 





averaged. The results, along with the calculated tem- 
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Taste XI.—Data used in Calculating the Velocities of Gasification of 800° C. Coke (Second Sample) in Steam at 
(a) 80° C., (b) goo® C., (c) 950° C., (d) r000° C. 

















































(a) 1. Time (hours) . ° 4 53 9% II 19 
2. Time interval (hours) . 1% 4 2 74 
3. Weight of coke at each stage ; 100 84°3 78°8 64°2 57°5 37 
4. Average weight of coke present ‘at ‘the 
middle of each interval. g2°I 81°5 71'5 60°8 47°3 
5. Weight of coke gasified during each in- 
terval. . 15°7 5°5 14°6 6°7 20°5 
6. Weight of coke gasified during each 
interval expressed as a percentage of 
the coke present at the middle of each 
interval . . 17°4 p.ct. 6°6 p.ct. 20'4 p.ct. Ir"o p.ct. 43°4 p.ct. 
7. Average velocity of gasification during 
each interval . 4°3 4°4 5°! 5°5 5°7 
(6) 1. Time (hours). . ° 0°6 I't 1°75 25 3°75 4°5 
2. Time interval ‘(hours) . 0°6 o's 0°65 0°75 1°25 0°75 
3. Weight of coke at each stage 100 85°2 73°2 60°2 46'9 29°8 22°7 
4. Average weight of coke present ‘at ‘the 
middle of each interval. . 92°6 79°2 66'8 53°6 38°4 26°3 
5» Weight of coke gasified during each in- 
terval. 14°8 12'0 13'0 13°3 17"! 7°t 
6. Weight of coke gasified during eack 
interval expressed as a percentage of 
the coke present at the middle of each 
interval . . 15°9 p.ct. 15°1 p.ct. 19°5 p.ct 24°8 p.ct. 44°5 p.ct. 27°0 p.ct. 
7. Average velocity of gasification during 
each interval . 26°5 30 30 33 36 36 
(c) 1. Time (hours). . ° 0°33 0°75 I‘o I'5 2°2 
2. Time interval (hours) . ‘ 0°33 0°42 0°25 o'5 O07 
3. Weight of coke at each stage .. 100 80 60 50 34 20 
4. Average weight of coke present at ‘the 
middle of each interval . go 7° 55 42 27 
5. Weight of coke gasified during each. in- 
terval. . 20 20 10 16 14 
6. Weight of coke gasified during each 
interval expressed as a percentage of 
the coke present at the middle of each 
interval . 22°2 p.ct. 28°6 p.ct. 182 p.ct. 38 p.ct. 51°8 p.ct. 
7. Average velocity of gasification during 
eachinterval . . . oe 67 7° 73 76 74 
(2) 1. Time (hours). . . Pate se See ° 0°25 0°50 0°65 0°85 I*I0 1°45 
2. Time interval (hours) . Gap 0°25 0°25 O15 0°20 0°25 0°35 
3. Weight of coke at each stage 7 100 80 60 50 40 30 20 
4. Average weight of coke present at ‘the 
middle of each interval. . go 70 55 45 35 25 
5. Weight of coke gasified during each in- 
terval. . 20 20 10 10 10 10 
6. Weight of coke gasified during each 
interval expressed as a percentage of 
the coke present at the middle of each ‘ 
interval . eee 22°2 p.ct. 28'6 p.ct. 18 p.ct. 22°2 p’ct. 28°6 p.ct. 40 pct. 
7. Average velocity of gasification. re 89 114 120 III 114 114 





perature coefficients for the different intervals, are given in 
Table XII. Fig. 11 is plotted using these values. 


TaBLeE XII, 





‘Tempentane | °C. | 950°. | rooo’. 





| 800°, | 900°, 





Average over-all velocity of | | 
tion of 800° C. coke . . 
AT. DB A Mo 
Temperature coefficient 
ky + 10 | 


Rt 


1'l7 I'ro 





Average 1°16 





In applying these figures to the calculation of the per- 
centage of coke gasified at each temperature in a given time, 
it is not sufficient to multiply the velocity of gasification by 
the time—e.g., to say that at goo® C. in two hours 32 x 2 
= p.ct. would be gasified. The method of calculation 
follows. 


In one minute at goo° C. = parts of coke are 
60 X I00 
: oe 
gasified, and (1 Page =) parts are residual. 
In th d mi - 
n the second minute (1 ro Pao ooo Parts of coke 





This agrees well with fig. 10, which gives 45 p.ct. 
Fig 11. shows that at low temperatures the velocity of 
gasification falls off at an increasingly rapid rate. The 


| decrease in temperature coefficient with rise of temperature, 
| shown in Table XII., seems general. 


Rhead and Wheeler“ 


k 
+**° for the reduction of carbon dioxide by 


found that 


carbon fell from 1°44 at about goo° C. to 1°13 at 1100° C. 
A comparison of the velocities of gasification of differently 
prepared coke samples will be given later. 


SERIES 9.—GASIFICATION OF ByE-PropucT-OvEN 
CoKkE aT goo° C, 


A sample of bye-product-oven coke from the same coal 
as used in our laboratory preparations was supplied by 
Mr. Dinsdale, of Blackwell Coke-Ovens, Derbyshire. It 
was crushed and sieved ; the portions (a) passing a sieve of 
}-in. aperture and resting on a sieve of ;4,-in aperture, and 
(6) passing a sieve of #,-in. aperture and remaining on one 
of z-in. aperture, being retained and stored separately. 
The proportion of (a) to (b) was two to one, so that when 
taking a sample of coke for each experiment, two-thirds 
was taken from (a) and one-third from (b). The gasifica- 
tion was conducted in a similar manner to that in the other 


asified, and Pe _32_)\ _32_;, | series; a large excess of steam being used. The results are 
scape g inal (1 r= ae G:- 6000) 6000 given in Table XIII. and fig. 12. 

1‘ 2 sn al call ae The nitrogen and carbon gasified at a constant rate, and 
( 2) parts of coke are residual. Similarly, after | the carbon-nitrogen ratio in the coke remained constant 


minutes (1 - mer parts of coke remain ungasified— 
(1 - 
100 | iy - 


tal this formula to a example chosen above, we 





a 2) p.ct. of coke has been gasified. 


throughout gasification. The sulphur, which behaved in 
the characteristic way found in other experiments, was 
almost completely recovered in the cadmium acetate 
washers. The shorter period of rapid sulphur evolution 
may be accounted for by the fact that of the sulpbur con- 


tained in the bye-product-oven coke only3. X 100 = 


20°7 p.ct. existed as sulphide sulphur, whereas the high- 
temperature laboratory coke prepared at 1100° C. contained 





obtain r00{ -(a _ a } p.ct.— i.¢., 47 p.ct. of 
coke is gasified in two hours at goo° C. 


| X 100 = 33°3 p.ct, of sulphide sulphur ; neither coke 
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TasLe XIII.—Gasification of Metallurgical (Bye-Product) Coke at goo® C. 













































































eS aa a rer er ee ee 51. 53+ | 54. 55- 56 57: 58. 59- | 60. 
st, Lota MS sa ed ae i | 
Duration of steaming (hours). . . . . . +. + o's 1'o .~ 2°25 30 4°0 4°33 60 | 7°25 
Volume of nitrogen passed (litres, at 15°). . . . 5 9 iss }'~agis 26 27 33 38°1 5° | 66 
Weight of steam used (grammes) . .... . aa ae o ~§=—|_—s 80 105 120 145 | 188 305 360 
EE i et eee eee 2 parts § in. to yy in.| I part 75 in. to xy in. ——§ | 
Weight of coke taken (grammes). . . . . « «| 10 22 10°07 9°62 | 10°18 | 11°67 11°76 Ir'to | 1°77 | 11°79 11°46 
Weight of coke residue (grammes) . . ... . 9°71 8°75 775 7°52 | 7°80 6°96 | 5°87 | 5°42 4°08 3°29 

} ats | at ee ee SS ae eee 
Weight of coke gasified (grammes) . . . .. . o'51 1°32 1 87 2°66 | 3°87 480 | 5°23 | 6°35 7°71 | 8°17 
Percentage of coke gasified .......-. 5°0 13'0 19'I 26°3 33°1 40°8 47°1 | 54°) 65°4 | 71°4 
Analysis of coke (dried at 105°)— | 
ES abet ee tO ae ae Pe ee 89°12 88°40 | 90°29 88°40 
SRR ile aaa o'61 0°40 0°50 o'61 0°50 
Nitrogen a —s a % 1°00 1*00 1°00 1°00 1°00 
ea 1°40 1°40 1°45 1°40 1°45 
eS a oe 7°17 7°79 8°30 7°17 8°30 
i ER as i a tit i a eR he 99°71 99°65 100° 47 
Carbon-nitrogen in coke .e—— 
Carbon-sulphur in coke . << —| —_- — |] —- —_ | —_-—— —| —_--> 
Analysis of coke residue— | 
a 75-25 lente k.. 4) > oo te) es 89°86 | 88°82 86°15 | 8659 | 86°18 84°66 83°74 82°08 | 77 48 69°73 
rear ee ae ie 0°54 0°50 | 0°60 0°54 | 0°50 0°38 0°30 0°37 
ee on to os eee a ee & 96 1°00 1°00 0°95 | 2994 0°98 0°97 | 0°88 0°90 
a? FS he HOIST SE. OG 1°00 1‘00 0°99 0°96 | 0°95 0°89 0°87 | o'8t | 0°76 0'74 
Me beak: be a: av eniinth aals 7°35 9‘00 10°38 Io‘Ig | 10°93 11°67 12°81 | 15°35 | 20°97 28°88 
OO ee ee ee a eg 99°06 99°29 99 60 98°74 98 89 99°50 100°62 
Carbon-nitrogen in coke residue. . .... . 94 | 89 86 | gt gt 87 93 93 — | 77 
Carbon-sulphur in coke residue . . . . . . «| 90 | 89 87 | go go 95 96 101 | 102 94 
Percentage of carbon gasified. . . .... =. 5°6 | 13°4 20 28°5 35°5 43°8 50°4 57°5 7° 77°4 
Percentage of nitrogen gasified . ..... . 8 13°I 194 | 299 37°2 42°0 48'8 59 5 74°2 
Percentage of nitrogen recovered as NH, . . . . 5 | a4n'r 16 6 22'8 3I°l 36 5 39°2 485 54°3 67°5 
Percentage of nitrogen unaccounted-for 3 2°0 2°8 71 6°! 5°5 9 6 Ilo — 6'7 
Percentage of sulphur gasified ie sear th 30°! 37°9 45 | 50°90 545 62 4 67°2 73°4 81°2 | 85°4 
Percentage of sulphur recovered in cadmium acetate | } 

Eh eos Se 6 tk a ep mf Ue Oe 35°7 4o°2° | 47°5 50°9 58°1 60°5 | 66°6 | 7o8 | 78'2 

Percentage of sulphur unaccounted-for. . . . . 3°2 ' 22 4°8 2°5 3°6 4°3 6°7 68 | toq | 7° 


containing pyrites or sulphates. An additional explanation 
may also be found in Powell’s °° study of the sulphur forms 
in coke. Laboratory cokes, he states, are much more liable 
to contain absorbed free sulphur than cokes prepared on a 
large scale; any such free sulphur present in the coke 
being rapidly evolved as H,S in a stream of hydrogen. 


CoMPARISON OF THE VELOCITIES OF GASIFICATION OF ByYE- 
PropuctT CoKE AND THE LABORATORY-PREPARED SAMPLES. 


The time. gasification curve of bye-product coke shown 
in fig. 10 is linear over the first 60 p.ct. of coke gasified, 
but falls away in later stages. This marked change when 
50 to 60 p.ct. of coke has been gasified has been traced, by 
a consideration of the changes in specific gravities and 
porosities, to a disintegration of the coke. No such change 
was noted in the examination of the laboratory-prepared 
cokes ; but such a phenomenon was observed in the exami- 
nation of the r100° C. laboratory-prepared coke in steam by 
Monkhouse and Cobb. Since the percentage of high- 
temperature coke (ash-free) gasified is directly proportional 
to the percentage of nitrogen evolved as ammonia (when no 
dissociation takes place), fig. 15, Gas Research Fellowship 
Report, 1922, can be regarded as a time-gasification curve 
similar to those of fig. to. The curve is linear up to 
65 p.ct. of coke gasified, and falls away beyond this in a 
manner exactly similar to the curve here obtained for bye- 
product coke. 

The values given for the velocity of gasification of bye- 
product-oven coke show a maximum in the time interval 
for 47 to 58 p.ct. gasification. 
Coke gasified, p.ct.. . . . . 0 13 19 27 35 4t 47 58 65 71 
Average velocity of gasification . 14 14 14 15°5 192 21°4 23 18 14 

Comparison of these figures with the values given in 
Table XI. (6) shows that in similar conditions a medium- 
temperature (800° C.) laboratory coke gasifies in steam from 
1} to 2 times as quickly as bye-product-oven coke. 

The time gasification results obtained from Series 1 indi- 
cate that 1100° C. coke prepared in the laboratory gasifies 
at nearly the same rate as the bye-product-oven coke. 


CHANGES IN SpEciIFIC GRAVITY AND Porosity oF CoKE 
DURING GASIFICATION. 


A number of samples representative of various stages in 
the gasification of bye-product-oven coke has been exam- 
ined to enable changes in bulk volume, porosity, &c., to 
be traced. The apparent specific gravity was determined 
by Washburn’s and Bunting’s pyknometer method” as 


follows: The modified pyknometer, which is illustrated in 
fig. 13, was calibrated by weighing empty and when filled 
with mercury. A weighed portion of the coke sample was 
introduced into the bulb through the charging hole (C) 


| which was then closed by a ground cap joint and sealed in 


mercury Taps. A and B were mercury sealed; and the 
apparatus was weighed. It was connected toa Topler pump, 
evacuated, and allowed to stand in that condition for 
some considerable time in order to remove absorbed gases 
from the coke. A vacuum being maintained in the appara- 
tus, mercury was slowly fed into the pyknometer through 
tap A from a funnel attached toit by a ground joint. When 
mercury had completely surrounded the coke and risen to a 
definite mark in the manometer tube above tap B (in this 
case 7'°5 cm. above the centre of the bulb), A was closed, 
and the whole was allowed to stand till temperature equi- 
librium was attained. Tap B was closed, the vacuum in the 
pump released, and the pyknometer weighed. The increase in 
weight gave the volume of mercury occupying the free space. 
| This volume was calculated and subtracted from that of the 
| pyknometer, leaving the bulk volume of a known weight 
| of coke. 

The true specific gravities of coke were determined on 
samples ground to pass a sieve of 54, in. aperture by the 
method described by Greenwood and Cobb ™. 





TasL_e XIV.—Dazta Illustrating the Progressive Changes in 
Porosity and Specific Gravities of Bye-Product Coke 
during Gasification in Steam. 











| 
Weight | . 

| of Coke True | Apparent bog He er of Volume of Porosity. 

| ‘ca Sp. Gr. | Sp. Gr. | aii Pores. | Material. Pores. 

; me A es OB 7 

| Grammes, | , P Cub.Cm | Cub.Cm Cub.Cm, P.Ct. 

100 1°78 1'0 95 | 57 38 40 

81 1°83 0°93 88 45 43 | 49 
74 1°85 0°84 88 40 48 | 54°5 
68 1°87. | 0o'80 84 } 36 48 | 57 

| 50 1°92 | 0°69 72 | 25 47 65 

42 1°94 0°64 65 21 44 | 67°97 
30 2°08 | © 69 43 | 14 29 | 67°4 

. | 











| The early attack of the steam opens-out the structure by 
excavating the cell walls, with the formation of new pores. 
| This proceeds until (when in the neighbourhood of 25 p.ct. 
gasification) the volume of pores has attained its maximum 
value of 48 cub.cm. During the next 25 p.ct. gasification 
this value remains constant, and the volume of coke ma- 
terial gasified closely approximates to the reduction in bulk 
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volume of coke, suggesting that combustion is confined to 


the outside surface and large surface pores. As the pores 
are not destroyed, and the volume of coke f/us pores is re- 
duced by 1°7 times the weight of coke gasified, the porosity 
of the coke increases, as shown in the last column, up 
to 58 p.ct. gasification. Further gasification produces 
a diminution in the volume of pores, most noticeable 
between 58 and 70 p.ct. gasification. This is the result 
either of disintegration of the coke across the section of a 
number of pores, or by the corrosion of the partition walls 
dividing the cells, with the formation of holes or channels 
which would not count as pores in the determination. The 
results are graphically represented in fig. 14. 

This period of breakdown in structure coincides with that 
in which the marked fall-off in velocity of gasification was 
observed (fig. 10). No such complete series of results for 
laboratory cokes has yet been obtained; but a few figures 
may be given. 


800° C. Coke (Second Sample) Gasified at 950° C. 














Weight | | beer | : 
| of Coke Volume Volume 
= —_ ae : wy Substance | of Coke of Porosity. 
— eee P- ST. + plus all |Substance.| Pores. 
Stage. | Maran. j 
Grammes. | Cub.Cm. | Cub.Cm. | Cub.Cm. P.Ct. 
100 r s8s o92 | 109 53 56 51 
67 | 1°94 o'71 95 35 60 63 
36 =| 2°09 0°52 71 , eee 54 76 











The same decrease in porosity in the latter stages of 
gasification is not here apparent. 


SUMMARY. 


The results obtained in this investigation may be sum- 
marized as follows: 


I.—NITROGEN RESULTS. 


The action of steam on (a2) medium-temperature (800° C.) 
laboratory coke, (b) high-temperature (1100° C.) laboratory 
coke, and (c) bye-product-oven coke has been examined. 

(i.) The nitrogen from (b) and (c) gasified at exactly the 
same percentage rate as the carbon; and the carbon- 
nitrogen ratio in the coke remained constant throughout the 
range of gasification examined. This confirms Salmang’s 
observations. 

(ii.) Medium-temperature (800° C.) laboratory coke be- 
haved rather differently: The carbon-nitrogen ratio in 
the coke residue increased in the early stages of gasification, 
and then remained substantially constant at a higher value 
than that in the original coke. 

(iii.) The gasification of the nitrogen relative to the carbon 
seemed independent of the temperature of gasification and 
the amount of steam used. 

(iv.) The proportion of gasified nitrogen recovered as am- 
monia was dependent on the concentration of undecomposed 
steam in the exit gases and the temperature of gasification. 
Substantial equivalence between the nitrogen gasified and 
the ammonia recovered was only obtained when large quan- 
tities of steam remained undecomposed and when the tem- 
perature of gasification was not above goo° C 


II.—Sutpuur REeEsutts. 


The behaviour of the sulphur was dependent upon (a) 
the rate of gasification of the carbon, which was in turn 
largely dependent upon the temperature of gasification and 
the treatment the coke had received during preparation, (b) 
the concentration of steam in the gases leaving the coke, 
and (c) the proportional amounts of different sulphur con- 
stituents in the coke. 

The cokes examined were all preparéd from a Derbyshire 
bituminous coal (Blackwell). The total sulphur contents 
and the sulphide sulphur contents “” were as follows: 








—_ Total Sulphur Sulphide Sulphur 
Content. ontent. 
P.Ct. P.Ct. 
800° C. coke . “ I'g—2°2 0'6—0'9 
3200? GGONO: «4 iw 2°0 0°65 
Bye-product-oven coke. . . 1°45 o'3 


(i.) The use of high temperatures promoted rapid gasifi- 
cation of the carbon, and so masked the effect otherwise in 
evidence arising from the early independent decomposition 





by the closeness of the sulphur and the carbon curves when 
800° C. coke was gasified in a large excess of steam at 
to00° C., though the two were quite divergent initially at 
lower temperatures of gasification. 

(ii.) High concentrations of steam in the gases leaving 
the coke column promoted the independent decomposition 
of the sulphide sulphur in the early stages of gasification. 
This was most marked in cases where the velocity of gasi- 
fication of the carbon was small. 

(iii.) Those sulphur constituents more closely associated 
with the carbon, and ‘claimed by Powell to be in solid solu- 
tion, could only be separated from the carbon by complete 
gasification. Where optimum conditions for éarly removal 
of the sulphide constituents prevailed, this remaining sul- 
phur gasified at the same percentage rate as the carbon, 
with a constant carbon-sulphur ratio in the coke residue. 

(iv.) The maximum extent to which cokes could be de- 
sulphurized with little gasification of the carbon seemed to 
be governed primarily by the proportion of sulphide sul- 
phur in the coke.—(But see i. and ii.) 

(v.) Beyond the 2 to 3 p.ct. of the coke-sulphur which 
appeared as free sulphur in the ammonia washers, practi- 
cally the whole of the gasified sulphur was absorbed by 
cadmium acetate, and was therefore sulphuretted hydro- 
gen (or carbon oxysulphide). 


III.—VELocITIES oF GASIFICATION. 


The following summary may be useful. 

(i.) The velocity of gasification at the same temperature 
of different cokes from the same coal depended on their 
mode of preparation. The average velocities of gasification 
of 800° C. laboratory coke,* 1100° C. laboratory coke, and 
bye-product-oven coke were approximately as 1°75: 1:1. 

(ii.) The velocity of gasification of the same coke in- 
creased with temperature. The velocities for the 800°C. 
coke at 800° C., goo® C., 950° C., and 1000° C. were as 
1:6:14:22. The great increase between 800° and goo° C. 


Jay 


, : k 
is suggestive. The average temperature coefficient “. 


t 
for the velocity of gasification between 800° and 1o000° C. 
was 1°16. 

(iii.) The actual velocity of gasification of 800° C. coke at 
goo® C. was 30 p.ct. of the average amount of coke present 
per hour. The coke particles averaged 3, in. in diameter. 

(iv.) The velocity of gasification referred to the coke 
present at any time increased as the process continued in 
such a manner (owing to increasing openness of structure) 
that the velocity referred to the coke originally present 
remained roughly constant for a large fraction of the gasi- 
fication period. There were some differences exhibited in 
this respect by the cokes; and it is believed that much 
larger differences might be exhibited by specially prepared 
cokes. The mode of combustion in steam normally appears 
to be an increase in porosity as gasification proceeds, with 
very little alteration in size until mechanical collapse of 
the weakening structure begins. 


APPENDIX. 
Metuops or ANALYSIS. 


(a) Nitrogen.—For determination of nitrogen in coal and 
coke the following modified Kjeldahl method (employed also 
by Monkhouse and Cobb) was used throughout. 1 to 1°5 
grammes of the sample, ground to pass a sieve of ,j,-in. 
aperture was heated with 1 gramme of mercuric oxide and 
40 cub. cm. of concentrated sulphuric acid. After half-an- 
hour’s heating, 10 grammes of potassium sulphate were 
added, and the digestion continued until all the carbon was 
oxidized. After heating for a further two hours, the mixture 
was treated and the ammonia distilled from it in the usual 
way. When prolonged digestion was required, as with bye- 
product-oven coke samples (70 hours), it was necessary to 
add further quantities of sulphuric acid to replace that lost 
by evaporation, and so prevent the formation of a highly- 
concentrated solution of potassium hydrogen sulphate in 
sulphuric acid, from which ammonia is volatilized under the 
conditions of the experiment “”. 

(b) Sulphur.—The sulphur in coal and coke was estimated 
by fusion with sodium peroxide in the bomb described by 
Hodsman “, 

(c) Sulphur evolved as Sulphuretted Hydvogen.—The sulphu- 
retted hydrogen was absorbed by ammoniacal cadmium 








and gasification of the sulphide sulphur. This is illustrated 





* Medium temperature of carbonization. 
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acetate solution. The cadmium sulphide was separated by 
filtration and transferred to a flask containing a diluted 
known volume of standard iodine solution acidified with 
hydrochloric acid. The excess of iodine was titrated with 
thiosulphate solution. Although this method is open 
to the objection that any carbon oxysulphide is absorbed 
by ammoniacal cadmium acetate solution, the survival of 
carbon oxysulphide in a gas mixture containing ammonia 
and large proportions of water vapour is, according to 
Witzek ®, very unlikely. 

It will be noticed that a large number of the coke 
analyses made total to more than 100 p.ct., and that no 
oxygen contents have been recorded. An explanation lies 
in the large percentage of reduced iron compounds present 
in the coke, which would oxidize during the determination 
of ash, yielding too high a figure for the ash content. 
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Discussion. 

The PresipEnt: We have a communication from Prof. Cobb 
with regard to this report. 

Prof. Cops wrote: I should like to congratulate Mr. Pexton on 
the results of the investigation which he has been carrying out for 
the last two years. An enormous amount of work has been en- 
tailed in getting-out the results reported. It is partly an extension 


of the study already undertaken by Dr. Monkhouse; but the use 
of steam has been specially studied, because the gasification of 
fixed carbon by steam is coming to play such an important part 





in the production of gas under new conditions, whether by steam- 

ing in vertical retorts, by making water gas ia outside generators, 

or by complete gasification. It has been made plain that con- 
siderable nitrogen is recoverable as ammonia from soft and 
medium cokes, without burning-up the corresponding percentage 
of fixed carbon; but not from very hard coke. The position with 
sulphur, though somewhat similar, is not quite the same, as can 
be seen from the report. Figures have been given for the rates 
of gasification of different cokes and of one coke at different tem- 
peratures. These velocities of gasification for various reasons 
cannot be taken as precise scientific determinations of the velocity 
of a single and specified chemical reaction; but we hope that, 
ascertained as they have been, they will fill a gap in providing in- 
formation as to the comparative rates of gasification of cokes, 
which, so far as we know, has not been provided before, and is 
certainly wanted. 

Mr. J. P. LEATHER (Burnley): I do not think there is very much 
to discuss in this report; but there is no doubt that it adds to our 
information, and it is valuable as a continuation of work that has 
previously been done, filling-up some of the gaps in our informa- 
tion that we require. Personally, in reading the report, I was 
struck by the fact that we were thinking some years ago that, 
if steam were put through the fuel, we would get a lot more 
ammonia. Certainly, Prof. Cobb, in the remarks which he has 
sent, speaks about obtaining nitrogen in the form of ammonia; 
but I was impressed by the fact that we do not obtain nitrogen 
from ammonia. In gasifying the carbon, you gasify the nitrogen 
at about the same rate as the carbon. You destroy your coke, 
and do not get very much ammonia. I suppose the nitrogen 
acts in some other way. If you have a considerable percentage 
of hydrogen present, you will not have a very large amount of 
dissociation of ammonia; and thus these different researches that 
we have had on this subject, in which the nitrogen and the sulphur 
go into the gas or get out of the coal or out of the cokein our car- 
bonization processes and in sur steaming processes, are certainly 
of value to us, as showing in what way we should work if we want 
to get ammonia, and if we want to get the sulphur in a form in 
which we can carefully deal with it afterwards. If we get the 
sulphur in the form of sulphuretted hydrogen, there is no very 
great difficulty in dealing with it ; but if it is in other forms, it is not 
very easy to eliminate from the gas; and this Committee’s research, 
combined with previous researches that have been carried on at 
the Leeds University, is certainly of considerable value. The 
concise way in which this report has been presented to us by Mr. 
Pexton is certainly admirable, and deserves our thanks. 

The PreEsIDENT: I formally move the adoption of the report. 

Mr. W. J. SmirH (Bolton): I shall be pleased to second that. 
I am almost grieved to think we have not had a better discussion 
on such a valuable report ; but we cannot criticize work of this 
kind. It is valuable to have the lines laid down in the manner 
we have in this report. 

Mr. Pexton: I should like to emphasize the few remarks the 
first speaker made. Hereferred to hydrogen and ammonia. I 
have shown clearly in the report that steam plays a much more 
important part than hydrogen, as, if a considerable excess of 
steam passes through the fuel bed undecomposed, it preserves 
the ammonia. No doubt ammonia is always produced when 
steam reacts with coke containing nitrogen; but if the nitrogen 
is not obtained in the form of ammonia, it is due to the fact that 
the latter has been destroyed by dissociation. One way of pre- 
venting this dissociation is to allow a liberal supply of steam in the 
gasifying operation, so as to have a considerable excess of steam 
in contact with the gases and in contact with the ammonia; thereby 
preserving the latter. 

Mr. SAMUEL GLover: Like the Mond process. 

Mr. Pexton: That is done to some extent in the Mond pro- 
cess; but the temperature is much lower than in the usual 


apparatus for gasifying as used by gas engineers. I think those 
are all the remarks I have to make. 


The motion for the adoption of the report was then put to the 
meeting, and was carried. 
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DISTRIBUTION 


IN BELFAST. 





By A. M‘Il. CLELAND, of Belfast. 


Any account of distribution problems as affecting Belfast 
must necessarily be somewhat local, even if not parochial, 
and for several good reasons. In the first place, Belfast is 
somewhat isolated as a city, and therefore lacks the stimulus 
of that spirit of civic rivalry which plays such an important 
part in the relative progress of similarly situated towns in 
England or Scotland. Secondly, it is a very compact city. 
It lacks those suburban areas which are sometimes so diffi- 
cult to reach owing to intervening stretches of unprofitable 
ground. Indeed, Belfast has no suburbs in the real sense 
of the term. The tram routes, almost without exception, 
have their termini in what is almost unaltered country. 
Again, there are no extreme rises or falls in the districts 
supplied. Two of the main roads from the city are practi- 
cally at sea-level, laid along the north and south shores of 
the Lough. One runs along the valley of the River Lagan. 
All other roads rise gradually; the average height (leaving 
out Wolfhill) being 114 ft., as shown in the following table : 


Heights above Ordnance Datum at Tram Termini. 
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Average height = 114 ft. 


The present area of supply controlled by the Belfast 
Corporation Gas Acts is limited to the parishes of Shankill, 
Holywood, and Knockbreda. These boundaries extend in 
every direction far beyond the limits of the city, and include 
areas which will never, in all probability, be developed, as 
they consist largely of open moorland or bare hillside. On 
the other hand, the town of Holywood {six miles distant) is 
not yet connected up to Belfast’s supply (though it is within 
the area of control), owing to an intervening tract of unpro- 
fitable territory. Holywood is efficiently ministered to at 
present by the Holywood Gas Company; but there is no 
reason why, in the near future, this town should not take 
gas from Belfast, in bulk or otherwise, to the advantage of 
all parties. 

Under the new Act just passed by the Northern Parlia- 
-ment, the city’s area of supply is to take in the parishes of 
‘Carnmoney, Dundonald, and Drumbeg. This extension of 
_area will bring in a considerable access of immediate busi- 
ness, with good hopes for the future. It is a usual custom 
‘for areas just beyond a city boundary to develop into resi- 
dential districts, where rates and taxes are lower, and good 
tram and train services render access to the centre of the 
city easy. It is hoped by the recent increase of area to tap 
three such districts to the mutual advantage of all con- 
cerned. There is, therefore, a bright future before the 

Belfast City gas undertaking, and there is no reason why, 
before many years, gas should not be supplied in bulk to 
such towns as Lisburn, seven miles away, with a population 
of 13,000; Carrickfergus, eight miles distant, with a popula- 
tion of 5000; Holywood, six miles away, with a population 
of 5000; or Newtownards, nine miles distant, with a popu- 
lation of 10,000. 

The city gas-works occupy a position which, though 
not central, is very conveniently situated for purposes of 
distribution. There is only one works in Belfast, perhaps a 
unique condition for a city of 400,000 inhabitants ; but the 
site is greatly congested. A maximum output of 13,700,000 
c.ft. was reached last winter, produced on an area of twelve 
acres, and with a storage capacity of 7,000,000 c.ft. These 
facts speak volumes for the efficiency of the management. 
The storage position will be much eased when the new 
7,000,000 c.ft. spiral-guided holder, now rapidly nearing 
completion, is brought into commission; this extension 
bringing in its train an added area of 9 acres. 

The present distribution system extends to 500 miles of 


mains, from 2 in. to 36 in. diameter. With this system the 
extreme points of the area can be supplied at a pressure 
approximating to 20-1oths of an inch, a condition which 
requires a day pressure of 25-1oths* and a night pressure o/ 
45-40ths. There are small odd pockets here and there no: 
easy of access, which will always be a source of trouble 
and anxiety, owing to their isolated positions and to the fact 
that the city’s main routes radiate outwards like so many 
rays of a star, with no circumferential routes rendering 
it possible to connect one outlying district with another. 
On the whole, Belfast is well supplied. 

The city is districted, though not in the strict sense of the 
term, as the mains are interconnected at so many points, the 
supplies being controlled by five governors situated at the 
entrance of the works. A sixth governor, placed at the 
rear of the works, delivers through a 36-in. main to the im- 
portant district of Ballymacarrett, on the Co. Down side of 
the Lagan River. But even this supply, over the Albert 
Bridge, is indirectly connected to others crossing the Queen’s 
Bridge and the Ormeau Road Bridge. 

The subsoil of Belfast generally presents little difficulty 
to the distribution superintendent. There are no under- 
ground workings to contend with, and therefore no fear of 
settlement and broken mains. The lower and level parts 
of the city have a subsoil of estuarine silt or clay, easy to 
work, and having little effect on either mains or services. 
This estuarine clay has, however, one unfortunate peculiarity 
in that it completely absorbs any slight leakages from main 
joints. If these leakages continue for any length of time, 
the material develops a most sickening stench, which almost 


‘ creates a public nuisance if the soil is disturbed round any 


old main situated in the low-lying parts of the city. 

As the ground rises to higher levels, the silt gives place to 
either stiff brown boulder clay, or loose red glacial sand. 
The former acts rather severely on wrought-iron pipes ; the 
latter has no effect whatever on either wrought or cast iron. 
Rock is seldom met with, beyond an occasional over-large 
and ice-marked boulder ; and fortunately there is only one 
area where a peaty subsoil is to be found, as this material 
is very damaging to wrought-iron pipes. There are occa- 
sional areas of made ground, which are not at all welcome, 
the resultant soil being very destructive to either wrought 
or cast iron. But such areas are small in extent, with the 
exception of those occurring on the property of the Harbour 
Commissioners, where the subsoil is entirely of “‘ made-up ” 
material, mostly household or shipyard refuse, which will 
require at least 100 years before it becomes innocuous. 

The whole of the system of mains is recorded on Ordnance 
maps to a scale of 88 ft: to 1 in. Service pipes from 14 in. 
diameter upwards have also been recorded for the last ten 
years. These main records are exceedingly accurate and 
very valuable, and, of course, become more and more valu- 
able as time goes on. There are duplicate sets—a working 
set for office use, and a set stored in a fire and burglar proof 
strong-room. Neither set is allowed in any circumstances 
to go out of the building; but any authorized individual 
from any other department is always welcome to consult the 
maps, and to take tracings from them if desired. New work 
is plotted down over old; nothing being erased. It is some- 
times exceedingly valuable to know what formerly underlay 
new streets, whether virgin ground, disused brickfields, old 
buildings, filled-in streams or ponds, &c. If old plottings 
are erased, their record is lost. 


LEAKAGES AND How DETECTED. 


The question of leakage is one which must be ever pre- 
sent in the mind of the distribution superintendent, whether 
on commercial grounds or on the wider grounds of danger 
to the health or safety of the community. The golden rule 
with regard to leakage from a distributory system should 
always be: “Safety first.” A leakage of town gas should 
never be regarded as unimportant or trivial. It should 
always receive immediate attention, The following table 
of unaccounted-for gas in Belfast shows that there is still 
something worth striving for; though of course it is per- 
fectly well understood that unaccounted-for gas is not neces- 
sarily to be translated into leakage from the mains. 








* It will be seen from the report of the discussion (p, 180) that this figure 
should have been 35-1oths.—ED. ‘'G.J.”’ 
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Percentage of Unaccounted-for Gas. 
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Thirty years ago, a report of a leakage could only mean 
an escape of straight coal gas. To-day the matter is not 
quite so simple. Leakages are reported which, on investi- 
gation, may be found ta be due to petrol vapour, sewer gas, 
heavy oils, calcium carbide, turpentine, gasified bitumen, 
syphon well water, or ordinary town gas. There are at 
Belfast records of all these sources of trouble; but no matter 
what the original report may be, the “ safety first” rule is 
applied, the case is immediately inquired into, and the cause 
traced to its source. No special physical or mechanical 
appliance is used at Belfast for locating a leakage. At one 
time Mason and Sheard’s gas leakage indicator was em- 
ployed, but it was finally discarded, as its usefulness was 
found to be very limited. It was, of course, quite incapable 
of differentiating between one gas and another. 

After a prolonged experience, the writer is inclined to 
place the greatest reliance on the proboscis humanus as an in- 
fallible leakage detector. A normal individual can easily 
detect one part of coal gas in 10,000 parts ofair. Moreover, 
a very slight experience will enable one, in most cases, 
easily to differentiate between town gas, petrol vapour, fuel 
oil, or gasified bitumen. Acetylene gas is more difficult to 
detect when in small quantities ; but fortunately leakages due 
to acetylene are very rare. 

Another very effective leakage detector is a couple of 
days’ temperature below freezing point, because, whenever 
this occurs, a small crop of broken mains usually follows. 
Frost is a comparatively rare visitant to Belfast, and never 
on any occasion goes deeper than two or three inches below 
the surface. It cannot, therefore, ever fracture a main 
directly. But a couple of days’ frost will effectually seal 
up all joints between flags and paving stones, or close all 
apertures in the looser surface soil. Gas escaping from a 
cracked main frequently disperses itself through the soil 
and is not detected. But once the upper soil is hardened 
by a low temperature, the gas has to seek lines of less 
resistance and more confined routes. It thus easily reveals 
itself. On examining such broken mains, evidence is fre- 
quently found to prove that the fracture is one of long 
standing. 

Various classes of people are depended upon to report 
leakages—meter inspectors, lamplighters, and mantle main- 
tenance men; members of the police force; men engaged 
by other city departments in work about the streets; and 
the public generally, who are taught to consider even a 
small leakage in the house as of consequence. Whether 
reports are received during the day or the night, they are at 
once investigated, though not necessarily at once rectified. 
A man is on duty each night (excluding Sunday) till 10 p.m. 
From io p.m. till 8 a.m., and all day on Sunday, the 
duty is undertaken by the resident caretaker. By these 
means, and by good telephone connections, any report can 
be immediately handled, investigated, and street men called 
out if necessary. It has not yet been thought worth while 
to keep on duty a permanent night staff. Later, when the 
area is greatly extended, it may have to be considered. 

The department has, of course, the usual crop of irritating 
“‘mares’ nest” reports, the most prolific cause of these being 
undoubtedly petrol vapour. For instance, a report came in 
at midnight on one occasion that gas in large quantities 
was issuing from three sewer manholes in different streets, 
situated over 250 yds. apart from each other. All available 
men were turned out at once, but, on reaching the nearest 
squad and investigating the smell, the writer immediately 
diagnosed it as petrol vapour, and at once drew the men off. 
After some hours the spirit exhausted itself, though its 
source was never detected. Here it may be mentioned 
that, in addition to its distinctive odour, petrol vapour may 
be detected by the readiness with which it condenses on the 
beard or moustache, the odour remaining for some minutes. 
Coal gas does not so condense, the smell passing away 
almost immediately. On another occasion the congregation 
of a church were greatly distressed by an escape of alleged 
coal gas, which was traced toa neighbouring garage. Petrol 



















































the foundations of the church. The most persistent case of 
gas in a sewer was in connection with a length of main 
drainage, nearly a mile in extent, from the manholes of 
which gas issued at irregular intervals. The writer always 
diagnosed it as the vapour of some spirit heavier than petrol, 
and indicated the possible source of the nuisance as lying on 
the premises of a vulcanizing works situated at the far end 
of the sewer. Everything there was found to be in order, 
so it was alleged, and the gas department was continually 
being pestered to stop the enormous escape of gas which 
was making its way into the main drain. At length con- 
vincing evidence was secured that coal gas was not the 
delinquent, for during a spell of dry hot weather a dark 
damp spot was found to leeward of the manhole farthest 
from the works in question. On examining the dark dust 
on this spot with a magnifying glass, there were revealed 
very minute globules of an oily nature. Ultimately the 
proprietors of the vulcanizing works were brought to book, 
and the nuisance ceased. 

One wild wet night an alarming report came through that 
the occupants of a men’s lodging house had been driven into 
the street owing to huge quantities of coal gas being blown 
by the wind into the back premises. Investigation proved 
the source of the trouble to lie in a small heap of partially 
exhausted carbide, which had been thrown on to some waste 
ground to the rear of the building, and which the rain had 
caused to become active. Another very curious case for 
investigation occurred in connection with the Hippodrome, 
one of Belfast’s largest houses of entertainment. Here the 
attendants reported coal gas as issuing between the concrete 
floor of the cellar and the main wall of the building, a spot 
far removed from any gas-pipes, and several feet below the 
roadway. Some of the gas was collected, analyzed, and 
found to be marsh gas, no doubt due to the presence of a 
bed of peat which is known to underlie the subsoil of Bel- 
fast in the district in question, at a depth of some 40 ft. 

One other case will be mentioned, as perhaps unique in 

its interest. There were reports from the local engineer of 
the telephone department that gas was coming nto his 
culverts on a line of underground cable about three-quarters 
of a mile in length.’ The culverts are brick-built about 4 ft. 
square by 6 ft. deep, and are opened about once or twice in 
the year. They are unventilated, the covers being almost 
hermetically sealed, and they are laid under a roadway which 
is sett-paved on concrete. A very minute escape from the 
contiguous mains, also under the roadway, making its way 
in the course of six months or a year into such a cul- 
vert, might very easily produce an explosive mixture. The 
remedy appeared to be ventilation of the culverts, and this 
was suggested to the telephone department. It was also 
pointed out that all the electric street-boxes were ventilated. 
A long letter was eventually received in reply from the 
Postmaster-General regretting that owing to insuperable 
engineering difficulties it was not possible to ventilate the 
culverts, and calling upon the local authorities to keep their 
mains gas tight. The local authorities, however, did nothing, 
Greading the expense of examining three-quarters of a mile 
of main under concrete to search for a very minute leak. 
When, later, a letter came from the local engineer reporting 
gas not only in the culverts but also in the cables, the matter 
was thought to be serious. The engineer stated he had 
been able to draw off some of the gas from the cables and 
burn it, and that it had burned with a yellow flame. The 
telephone wires are insulated by paper, bundles of the wires 
being enclosed in leaden tubes, and the various joints and 
junctions closed off with special solder. The cables are 
perfectly damp-proof, as otherwise the paper insulation 
would be destroyed, but if the tubing permitted coal gas to 
enter it would be impossible to predict what the effect on the 
paper would be by prolonged contact with any oily vapours 
in the gas. The local authorities had then to bestir them- 
selves and, after a long and expensive search, ultimately 
found the defect and effecteda remedy. It is interesting to 
note here that the gas could only have found its way into the 
cables by means of the phenomenon of osmosis. Some of 
the solder must have been porous to coal gas, though im- 
pervious to damp, the lighter gas displacing the heavier air, 
by the precise principle made use of in Sheard and Mason’s 
gas-leakage indicator and other similar instruments. 


STREET LIGHTING. 


Belfast is entirely a gas-lighted city, so far as its public 
streets and roads are concerned. It does not possess a 











had leaked from the garage tank, and had percolated through 








single electric street lamp, with the exception of a few arc 
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lamps on the property of the Harbour Commissioners ; and | 
as these appear to be excellent examples of everything street | 
lighting ought not to be, one would not willingly have'them | 
removed. All the lighting is done by means of inverted in- | 
candescent burners, the size or number in any particular | 
lantern varying with the locality. On March 31, 1923, the | 


total number of street lamps in use was 10,243, divided as | 

















follows : : 
or Number of Number of 
Description. Lamps. Burners, 
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Taking the lighted streets of Belfast as equal to 26r miles, 
the average distance apart of the 10,243 lamps becomes 
45 yds., or 39 lamps per mile—figures which go to prove that 
Belfast is by no means a badly lighted city. Indeed, even 
at the risk of being charged with partiality, the writer con- 
siders it will take a high place among similar towns for 
the evenness and generally good distribution of its street 
lighting. It possesses none of those over-brilliantly lighted 
thoroughfares from which one passes at once into streets 
lighted on a third or fourth rate scale. Its gradations of 
illumination are easy and gradual. 

The year just ended (March 31, 1923) is the first complete 
normal year since the war. For this year the average cost 
of maintenance works-out at 3s. 9°575d. per burner, with an 
average all-round mantle maintenance of 7°675d. per burner. 
On the other hand, the average breakage for bijou mantles 


orks out at 4°452 per burner, and as two bijous go to one |} : 
ye 4°45? P ; J 8 ° | decided beforehand to fix an extra valve on the outlet, con- 


' nected by interlocking chain gear to the inlet valve provided 


universal, it does not appear that the use of the bijou mantle 
is economical. Possibly a more extended use will conclu- 
sively prove that for general street lighting the universal 
mantle is the better article. 


Included in the street lighting system are 1086 lanterns | 


controlled by Alder and Mackay’s pressure-wave apparatus. 
These have always given satisfaction, the mantle breakage 
for the past year being 4°576 mantles per burner. There is 
only one slight drawback to the use of this, or any, pressure- 
wave system—viz., that during the months of December 
and January, when lighting comes on early, the sudden two 
or three minutes’ increase of pressure is occasionally apt to 
play havoc with the globes surrounding defective mantles, or 
perhaps damage delicate culinary preparations which have 
just reached the critical point in the domestic gas-oven. 


HiGH-PRESSURE SYSTEM. 


The high-pressure system is confined to certain of the 
best shopping centres or streets where the traffic is heaviest. 
It is used almost exclusively for street lighting; private 
consumption in high-pressure gas being almost negligible. 

At present there are in use: 2994 yds. of 6-in. main, 2217 
yds. of 4-in. main, 1681 yds. of 3-in. main, 893 yds. of 2-in. 
main, and 510 yds. of 14-in. main—total, 4 miles 1255 yds. 

The pressure is raised by means of two gas-driven rotary 
compressors of a nominal capacity of 8000 c.ft. per hour 
each, housed in premises belonging to the Corporation situ- 
ated in College Court, at the rear of the old gas offices in 
Queen Street. During the winter months these two com- 
pressors are driven alternately from dusk to midnight and 
trom midnight todawn. During the summer months they 
are used on alternate nights. In addition, there are as a 
stand-by two motor-driven rotary compressors, of a capa- 
city of 1000 c.ft. per hour each, fitted in the basement of the 
City Hall. The high-pressure lighting is effected by means 
of Keith-Blackman 1000 c.p., 1500 c.p., or 3000 c.p. lanterns, 
distributed as in the following table. 

The illuminating effect in the high-pressure lighted streets 
is excellent; but undoubtedly the maintenance costs are 
high. The burners cannot be neglected in the slightest 
degree, or the lamps light back at once. Recently there 


have been installed 5-light inverted superheated clusters in. 





High-Pressure Lamps. 
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lanterns 15 ft.6 in. above ground-level, supplied with gas at 
ordinary town pressure; and very satisfactory results are 
being obtained from them. The lighting duty is, of course, 
less than with high-pressure gas ; but the maintenance costs 
are very much lower. The lighting effect is, however, more 
than sufficient for the traffic; and it is a moot question 
whether this type of burner should not be regarded as the 
maximum for street lighting. 

Though little high-pressure gas is sold direct from the 
mains (consumers being limited to three), compressed gas 
is very largely used in isolated units throughout the city ; 
and here there has been a most unfortunate experience. It 
seems impossible for consumers to avoid starting their 
compressors before opening the taps on the meter inlets, 
with results, of course, disastrous to the meters. During 
the last four years, twenty-one meters have been damaged 
in this way, including two 30-lt., three 50-lt., five 6v-It., one 
8o-lt., seven 100-It., one 200-It., one 300-It., and one 500-It. 
In this period two consumers damaged their meters three 
times; two other consumers twice each; and though the 
cost of repairs falls on the consumer, it is distressing to 
think what considerable expense might have been avoided 
by a little care and forethought. 

The most extraordinary case was in connection with the 


| damaged 500-It. meter, which was one of a pair fitted for a 


firm who were so sensible of the risks involved that they 


by the Corporation. Before this was supplied, however, 


' the moment’s forgetfulness occurred and the damage was 


done. 
Tue Stot-METER BusINEss. 


Belfast entered late into the slot-meter field; partly 
perhaps on account of the then Engineer to the Gas Com- 
mittee (the late Mr. James Stelfox, M.Inst.C.E.) not being 
greatly in favour of it from a financial point of view. 
Periodically the subject came up for review, till in October, 
1903, the Gas Committee honoured the writer with instruc- 
tions to visit, in company with the then Assistant Collector 
(the late Mr. James Andrews), Liverpool, Leeds, Birming- 


_ham, and Manchester, and inquire into the details of the 
: slot-meter business as carried on there. 
: hesitancy on the part of Mr. Stelfox was peculiar, as experi- 
: ence in Belfast regarding dead-heads of mains was the same 


Looking back, this 


as in other large towns before the slot meter came as a 
relief. There were streets upon streets of mains with no 
consumption save from public lamps; also hundreds of 
houses without meters, though connected to the street mains 
perhaps for twenty or thirty years. 

The resulting closely-reasoned report was duly presented, 

and thereupon 500 slots were ordered tentatively. By the 
end of March, 1904, 209 slot meters were at work; by 
March, 1905, there were 7930, and it was difficult to keep 
pace with the orders. At March 31, 1923, there were 
32,023 slot consumers; and there might have been more but 
for the fact that since the war this section of the business 
has been practically closed. There is some evidence that 
‘there is a small field for shilling slots in Belfast, certain 
penny slot consumers making demands upon their meters 
which no 3-lt. meter ought to be called upon tosupply. An 
account for 15,700 c.ft. in 8 weeks, equivalent to 713 pennies, 
may be cited as an example. So far there are only a round 
dozen ts. slots, but the demand is growing. 

The following table is interesting from several points of 
view. 

The present price is 28 c.ft. per penny (equivalent to 3s. 
‘per thousand); the lengthy process of price changing 

‘having begun on April 4, 1923. It will be noticed from the 
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Particulars Relating to Slot Consumers. 





























Total Average 
March 31. Fl ay Consump- owes Cash. Bad Debts.| C.Ft. per 1d. 
tion, per Meter. 
Thousands. C.Ft. £ £ s. d, 
1904 209 159 760 22 .- 30 
1905 7,930 31,654 3,992 4,393 | © I9 10 * 
1906 | 11,397 65,644 5:759 6,106 | 4 4 5 |35(at15/12/06) 
1907 15,430 93,905 6,086 12,024 iz 0 5 aie 
1908 19,946 135,039 6,770 16,051 | 25 5 4 
1909 23,611 171,362 . 71258 20,364 | 37 9 II 
1910 26,000 203,888 7,842 24,214 | 62 18 2 oe 
1915 | 32,275 | 351,342 10,886 38,827 | 36 9 1 |40(at 1/10/14) 
1920 33,809 586,197 17,338 111,134 | 6 10 10 |22 (at 2/12/18) 
1922 33,202 685,134 20,636 129,823 | 32 15 5 se 
1923 | 33,023 611,367 18,513 102,630 | 73 16 11 |25 (at 1/5/22) 
| 





above figures that in 1915 the average consumption was 
10,886 c.ft. per meter, selling at 40 c.ft. per 1d. In 1920, 
the average had gone up to 17,338 c.ft:, though the quantity 
had been reduced to 22 c.ft. per 1d.; thus showing that the 
war and its later effects had not then touched the slot con- 
sumer. Even in 1922, four years after the war, and in spite 
of bad trade, the slot consumer managed to push up his 
average to 20,636 c.ft. The figure for 1923 is equally sig- 
nificant, showing an average of 18,513 c.ft. 


EXpLosIONsS IN ELEcTRIc STREET-BoxEs. 


The first explosion in Belfast in an electric culvert took 
place about twenty-five years ago in Ann Street, which is 
almost in the centre of the city. Some 40 yards of pave- 
ment were blown up, fortunately with very little damage, 
beyond a broken window pane and slight injury to 
a passing pedestrian. The cause of the explosion was attri- 
buted to coal gas finding its way into the culvert and be- 
coming ignited by a chance match. In this instance the 
electric cables consisted of bare copper strips, carried on 
porcelain insulators laid in an open culvert. A very minute 
examination was made of both gas main and services run- 
ning parallel with the culvert, but not the slightest trace of 
an escape could be found. And although the Gas Com- 
mittee were called upon to pay compensation for damages, 
the writer had an uneasy feeling that the true explanation 
had not been given. 

During the next eight or ten years a number of myste-* 
rious explosions took place in electric street-boxes, the cause 
of which was never satisfactorily explained, though escaping 
coal gas was always blamed for them. The conviction 
was gradually being forced upon the writer that the 
cause of these troubles must be looked for in connection 
with the electricity supply, though he could not find any 
satisfactory explanation. Over and over again he tried to 
induce his friends in the Electricity Department to explain 
how an electric street-box explosion was always associated, 
in later years at any rate, with a burnt-out cable; why no 
escape of coal gas was ever found; and what caused the 
explosion. The only solution ever offered was that there 
never was an explosion, in the ordinary sense of the term, 
but that the heat from the fused cable caused the air in 
the box suddenly to expand, and this hot air forced off the 
box cover. However, it was felt that a true explanation of 
such troubles was bound to appear in time, if patience were 
exercised and careful watch kept.: 

In November, 1911, occurred the disastrous explosion in 
Nottingham, when the whole front of the Albert Hotel was 
demolished and several persons injured, one of them very 
seriously. This was followed, in March, 1913, by the equally 
disastrous explosion at Hebburn-on-Tyne, when eight tene- 
ments were wrecked. 

Three facts stood out in connection with these occur- 
rences: (a) The extreme violence of the explosions, At 
Hebburn the two occupants of the ground floor in one of the 
houses wrecked were blown clean through the ceiling into 
the room above, both unfortunately being killed. (b) The 
absence of the slightest trace of an escape of coal gas in or 
about any of the buildings destroyed, or in the adjacent 
streets. (c) Lastly, the assuming of full responsibility for 
the very heavy claims for compensation by the Electricity 
Department of the Nottingham Corporation on the one 


. hand, and the Newcastle Electric Supply Company on the 


other. But of far more value than these experiences was 
the report published in August, 1913, resulting from the 
Hebburn disaster, of Prof. W. M. Thornton and Dr. J.-A. 
Smythe, of Armstrong College, Newcasile-on-Tyne, on 
“Gaseous Explosion Caused by the Electric Heating of 














Bitumen in Cable Troughs,” in which it was demonstrated 
that such heating generated a gas which, in its inflamma- 
bility, came midway between marsh gas and coal gas. This 
was what the writer had been seeking for many years—viz., 
a scientific pronouncement that bitumen, in contact with a 
fused electric cable, would generate a gas which, mixed 
with air, was more highly explosive than coal gas. A local 
example occurred on Dec. 21, 1915, when a report came in 
at midnight that there had been a bad explosion in an elec- 
tric box in Rosemary Street, also near the centre of the 
city; that the cover had been blown up; and that the gas 
was burning fiercely. 

On reaching the spot, the writer found the box full of 
flame, apparently coming from one of the earthenware tubes 
carrying the cables. Close by was a 14 in. service pipe, 
which on being examined was found partly fused by contact 
with a crossing cable. The service pipe was at once cut 
off, though with great difficulty, as the ground was saturated 
with electricity. The men felt the current through the 
nails of their boots and the handles of their tools. The 
service pipe having been cut off, and the box freed from gas, 
the lid was replaced and the open ground filled in. Fifteen 
minutes later, before the work was completed (and also 
before the electric main had been cut oft), there was a terrific 
report ; the lid was blown 30 ft. in the air, coming down 
within six inches of the feet of the foreman, but no flame 
followed the explosion. The box had the smell of burning 
rubber, and the writer ventured the opinion that the cause 
of the explosion was a fault in the electric mains generating 
sufficient heat to gasify the rubber insulation. But this was 
considered too fantastic an idea to merit even a moment’s 
consideration. 


However, another example occurred in September, 1921, 
when a report was received that there had been a gas ex- 
plosion at a small house in Halliday’s Road, a mile anda 
half from the centre of the city. Men were despatched at 
once, and on reaching the spot a little later the writer found 
they had bared the main and.service pipes and had found 
all in order. He also met men there from the Electricity 
Department, and learned that they had just cut out a piece 
of fused cable. On entering the house where the explosion 
occurred, it was ascertained that the damage was not serious ; 
that a dab of plaster and a slap of paint would put matters 
right again; but there was a gassy odour still about the 
rooms, and not the odour of coal gas at all, but of some- 
thing quite different. The water-blocks in the street 
were next examined. Each was found coated with a layer 
of lampblack, greasy to the touch and with a tarry smell. 
Holes were then bored through the subsoil down to the 
burnt-out cable; the subsoil here being very loose and open. 
From each bore there issued a stream of warm gas, with 
the same distinct smell which was in the house after the 
explosion took place. Undoubtedly this was the smell of 
gasified bitumen. Indeed, the writer was so satisfied that 
coal gas was not the cause of the trouble that he withdrew 
his men and left the Electricity Department to make good 
the damage and bear the cost of compensation. This they 
eventually did, the amount being very small. 

This was the thin edge of the wedge. It only now re- 
quired a good blow to drive it well home, and to prove 
finally that all street explosions must not be put to the 
debit side of the gas manufacturer. Such final blow fell on 
Feb. 16, 1922, when, at dawn, word came through that a 
serious explosion had taken place in Old Park Road, a 
leading tramway route from the city, about two miles from 
the gas-works. It was reported that six houses had been 
demolished, one occupant injured and another suffocated. 
Men were despatched at once to open on the 6-in. main in 
front of the damaged houses. On arrival two hours later, 
the writer was considerably relieved to fimd men from the 
Electricity Department also there, and to ascertain that 
they had just cut out a long length of fused cable. There 
was no escape of coal gas. The general opinion of the 
public at the moment was that a bomb had exploded, as just 
then the gunmen were very active and pressing in their use 
of bombs. 

The force of the explosion must have been tremendous. 
The bow windows of two of the houses were blown com- 
pletely away, as were also the brick pillars, stone lintels, 
and lead flashings. Floors and ceilings were so damaged 
that the furniture fell into the rooms below. One wall had 
a hole four feet in diameter blown clean through it. Most 
fortunately the accident occurred at dawn, just about the 
time the inhabitants were thinking of rising. One of them 
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was slightly overcome with gas, while another, roused by 
the smell, lighted a candle and set out on a tour of investi- 
gation into the cause of the trouble. In this he was quite 
successful. Fortunately his injuries were not serious. 

Briefly, no trace of coal gas was found about either main 
or services. The subsoil is of stiff clay, very difficult to 
work, but.as it was removed a faint gassy odour was met 
with, having the distinctive smell of gasified bitumen. The 
defective electric cable lay parallel to the gas main about 
three feet away, and the gas from the bitumen, unable to 
disperse itself through the stiff clay, had taken the line of 
least resistance along the looser soil surrounding water and 
service pipes, and so had poured into the houses in enormous 
quantities. 

Thus was the public of Belfast given a practical demon- 
stration of the danger of using bitumen in connection with 
electric cables. But the material is still so used, and appa- 
rently no means exist of foretelling when a cable may give 
out; for on April 21, a little more than two months later, 
this same cable in Old Park Road gave out again, at 
another point farther away. 


DIFFICULTIES DuRING THE “ TROUBLES.” 


A few words may be written here concerning the diffi- 
culties met with when carrying-on the work of the distribu- 
tion department during the time of the “troubles.” It will 
also serve as an opportunity to place on record a small meed 
of praise to a loyal and courageous staff. 

It is no longer necessary to emphasize the serious nature 
of the position in Belfast during the earlier part of 1922. A 
list of over. 300 violent deaths in twelve months, and a sum 
exceeding £ 1,000,000 already decreed as compensation, are 
facts that speak for themselves. Only those who lived in 
Belfast can appreciate what the daily risks were. Even 
journeying about in wire-netted tramcars, like birds in cages, 
was but small comfort, as, though the netting might protect 
one from the effects of a bomb, it seemed quite inadequate 
against a revolver or rifle bullet. Many gas escapes, some 
due to malice, had to be patched up quickly and temporarily 
during a brief period of peace, and then left till quieter days. 
Certain streets had to remain in darkness, gentlemen on one 
side threatening to shoot maintenance men or lamplighters 
if the lamps were mantled or lighted; while gentlemen on 
the other side were equally determined to shoot if the lamps 
were not lighted. 

Through all this time of stress all classes of the men 
stuck to their work nobly, particularly the main and service 
layers, who really ran most risks of any. Only on four 
occasions did they appear inclined to jib, when the difficulty 
in each case was solved by the writer telling them that in 
five minutes he was going to the place and should ex- 
pect them to accompany him. This plan always worked. 
Nothing serious ever happened, though he is now free to 
confess that in one instance at least everyone was extremely 
pleased to get away without any “ accident.” This was in 
connection with the particularly malicious burning of a big 
factory. Two large meters had been destroyed, and as the 
taps had not been turned off the night before, the gas was 
burning freely, the taps being inaccessible owing to the 
still blazing debris. The supplies had therefore to be cut 
off at the main. Further, the fall of a wall had broken the 
water main, and the street was flooded, bringing with it the 
added risk of flooding the gas main when cutting off and 
making good. 

On arrival at the spot a very ugly crowd was found at 
each end of the street, kept in awe by a squad of soldiers, 
while three or four-more soldiers, with bayonets fixed and 
rifles carried at the “ ready,” marched up and down in front 
of the space in which the men had to work. The necessary 
operations were carried out quickly and efficiently and the 
men retired (it is hoped) gracefully, greatly relieved when 
the work was done. 

The Gas Department’s share of loss during this disastrous 
time was very heavy. One assistant was wounded; while 
another member of the staff, a fine and promising man, 
was unfortunately killed. He had been collecting slot 
accounts, when he was set upon by three or four ruffians, 
dragged into a dark entry, shot through the head, and so 
left. Subsequently his family was decreed £2600 com- 
pensation, a sum which was not one penny too much. 

Eventually it became necessary to clear slot-meters under 
military protection. A block of streets would be taken, 
flooded with collectors, and rapidly cleared ; each street end 
being guarded by a squad of soldiers fully degermined to 












shoot on the slightest provocation. In such circumstances 
the collectors were not interfered with. 

The material losses to the gas industry were limited to the 
damage or destruction of lanterns, burners, and meters. Oj 
the latter, 592 were lost; on one occasion 59 being brought 
in from houses in five streets which had been burned or 
looted. 

The details of these meter losses are interesting as showing 
that no class of property was exempt from attack. All 
classes of building suffered, no matter what their purpose or 
use—the heaviest losses, perhaps naturally, falling upon the 
slots. There was always the off-chance of good loot being 
obtained from these. 


Details of Meters Desivoyed. 
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We have two interesting photographic souvenirs of these 
days—one showing a puncture and forty bullet marks 
in one of the largest holders ; the other, the remarkable effect 
of a powerful bomb on an 14-in. service pipe supplying a 
picture house. 

One of the most curious instances of the “ chanciness’’ of 
the accidents associated with this distressing time may be put 
on record here, as it has some connection with the subject. 
It appears that a man and his wife, with a woman lodger, 
occupied a house in the very centre of one of the worst dis- 
tricts. Two or three days after a night of fierce firing and 
great disturbance had taken place, a forcible entry was made 
into the house, as the neighbours had become alarmed owing 
to the non-appearance of the occupants. . The house was 
found to be full of gas, the husband, wife, and lodger being 
discovered dead in their beds, having succumbed to gas 
poisoning. On search being made, it was ascertained that a 
stray bullet, entering by one of the lower windows, had 
severed the rising pipe from the meter, the gas thus escap- 
ing having caused the sad fatalities. 

Nothing is now left of all this period of trouble save a few 
blackened and roofless buildings, a huge bill of costs, several 
hundred bereaved hearts, and a reputation which Belfast is 
doing its level best to live down. North-East Ireland, and 
Belfast in particular, is enjoying what all believe will be a 
lasting peace, with a firm Government, supported by a 
people determined to obey the law, and thus offer a pleasing 
contrast to our neighbours across the border. All we require 
is to be left alone to carry on our legitimate occupations, 
without interference from any outside body whatsoever. 


Discussion. : 

The PresipEenT: This is an interesting account of distribution 
work in Belfast. It is purely descriptive. I do not know that it 
is a matter which can be discussed very much; but I am sure 
Mr. M‘I, Cleland will be very pleased if he can give you any 
further information. 

Mr. S. B. LANGLANDs (Glasgow): Might I be allowed to con- 
gratulate Mr. M‘I. Cleland on the very interesting paper he has 
given us, and also on his delivery of it? When one thinks of the 
position of the gas-works in Belfast, and the troubles which have 
had to be encountered through the smallness of the area of the 
works, there is no doubt that excellent work has been done in 
regard to distribution. Mr. M‘I. Cleland has another side to his 
character, in that he is not merely one of our leading distributing 
engineers, but he is a gifted geologist, and, I think I am right in say- 
ing, alsoa photographer. Mr. President, you are to be congratulated 
upon having such an excellent colleague. With regard to bitumen 
covered electric cables, we in Glasgow have had similar troubles to 
those mentioned in the paper, and, like Mr. M‘I. Cleland, we 
eventually discovered the source of the trouble. I am pleased to 
see the street lighting by gas in Belfast, and to notice that the 
experience there has been very much the same as that in Glas- 
gow. As regards slot-meters, during the first year in which we 
installed these we put in 60,000 in Glasgow. 

Mr. STEPHEN Lacey (Gas Light and Coke Company): First- 
hand experience of other people’s working in the same field is 
always valuable; and the Institution are to be congratulated 
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upon having had this paper from Mr. M‘I. Cleland. There are 
two points to which I should like to refer. One is the working 
pressure in mains, and the other is the trouble with electric cables. 
| think the author mentions that the working pressure during 
the daytime in Belfast is 25-roths. From my point of view, that 
jslow; and I will explain why. I think the criterion which should 
decide at what pressure you should work is the gas-fire. The 
advantage of the gas-fire over all other types is that it permits 
the rapid heating-up of a room; and the modern gas-fire as sup- 
plied and fixed to-day requires a pressure of nearly 2} in. to de- 
velop its full heating capacity. If this is so, what sort of allow- 
ance should be made for the loss of pressure between the outlet 
of the district governors and the gas-fire in an outlying part of a 
district? I suggest that a loss of pressure of 1 in. from the main 
to the service of the meter and carcass pipes to the fire is not 
excessive. If this is so, one would think that a pressure of about 
34 in., instead of 2} in., would be required in these days as a 
working pressure. Of course, there is a 2 in. minimum in the Gas 
Regulation Act; but this is a penalty limit, and is not intended 
to be a working pressure. I wonder why it is the opinion of some 
people that the lower the pressure can be kept in the district, the 
better. I suppose it is that gas unaccounted for is still a bogey. 
Mr. M‘I. Cleland has said we ought to recognize that leakage is 
only a small part of the gas unaccounted for. How small a part 
itis, 1 do not think is generally recognized. Perhaps in this con- 
nection some experiments I have made on mains in my own dis- 
trict may be of interest. In one case, we had a 26-in. main of a 
mile or two in length, but which was no longer required. This main 
was notoriously leaky. As this main was not needed, it was de- 
cided that we had better throw it out of action rather than incur 
the expense of setting-up the joints. So we cut the main off at 
either end, and connected it to a live main and a test meter, and 
made a test lasting over 24 hours. That main was then under 
working conditions, and I deduced the leakage (this is calculated 
per foot run of joints per annum); and by noting roughly the 
number of feet run of joints in the whole of my Company’s area, 
itis possible to estimate the leakage, were all the mains in the dis- 
trict leaking as badly as this notoriously defective one, to 3 p.ct. 
lalso confirmed this test by a number of others, In London 
there are many superfluous mains, as a result of the history of the 
gas undertakings there; and we are always throwing them out of 
use. It is quite easy, then, to connect them up, and make the 
test I have already mentioned. Generally speaking, as a result 
of the tests, we found that these old mains are leaking very much 
less than the notoriously bad one I have already referred to; the 
leakage would be in the neighbourhood of about one-quarter of 
the leakage of that main. I think it may be said that, in the case 
of most towns which are similar to London, the gas unaccounted 
for is very similar—say, about 8 p.ct.—and of this about } p.ct. 
may be allowed as a maximum for leakage, 14 or 2 p.ct. will be 
due to the difference in measurement between the gas made and 
the gas sold, and the remainder will be slow registration of the 
meters. I was very interested to hear of Mr. M‘I. Cleland’s 
experiences with vulcanized bitumen cables. He mentions a 
report by two gentlemen; but there is a Board of Trade report 
of an inquiry held in 1914, which everyone who has any trouble 
with electric cables should read. It gives the history of the 
vulcanized bitumen cable, and the opinions of electrical people 
themselves upon vulcanized bitumen. It was condemned as a 
material for cables; but they could not recommend that it 
should be discontinued, because of the very large amount of 
money which had been spent on such cables, I take it that in 
Belfast the electrical system is the three-wire continuous current. 
| do not know whether that is so; but most of the trouble with 
electric cables is when the system is a three-wire one, with the 
negative earthed. There are two or three electric supply com- 
panies within my Company’s area who have the three-wire con- 
lnuous current-system ; and nearly all the troubles that we have 
with cables are in these districts. In one, we have had hundreds 
of faults in the last three or four years, sometimes resulting in the 
fusion of the service pipes. The author mentions the ventilation 
of street boxes, and the statement by the Post Office that it is im- 
possible to ventilate their street culverts. This is rather a fine 
polot, upon which I am not quite satisfied in my own mind. If 
» YOU are going to ventilate street boxes, they must be ventilated 
really thoroughly, otherwise they had better be left alone. It is 
rather difficult to ventilate a street box, as I have no doubt that 
Mr. M‘I. Cleland has discovered. 


Mr. Ff. W. J. Betton (Macclesfield): I must join in the thanks 
to the author for his very interesting paper. . There are a few 
Points upon which I should like to make some observations. I 

‘ notice that even in Belfast they still keep some 2-in. cast-iron 
talons, as I have in Macclesfield; and the leakage from these would 


x. rat ‘er More than the leakage from the 26-in. main mentioned 
y Mr. Lacey, I have found in Many cases of these old 2-in. 
— that there are considerable patches where there is no iron 
ef t at all, it is simply a honeycomb of graphite, which you can 
cut away with a penknife. With regard to the 25-ioths pressure 
- th daytime, we find in Macclesfield that from 25-1oths to 
27-10! 1s is sufficient. We run 27-10ths in the daytime; and this 
ae satisfactory for all classes of appliances. Of course, you 


compare Macclesfield with Mr. Lacey’s undertaking. It 
<et gas undertaking compared with his; and what would 
sus for us would not be serious in any way for the Gas 
‘ud Coke Company. Then with regard to the material 


isa p 
be ser 
Light 























used in service pipes, the author speaks of the action on various 
classes of pipes ; and I have just recently been testing some pipes 
made of a special grade of iron. I tested them in the laboratory 
for acid solution and also for resistance to oxidation, compared 
with the ordinary wrought-iron pipe. I cut small samples from 
the different types of pipe, and used the same sample for each of the 
different tests. I first of all submitted them for a week to the 
action of a dilute sulphuric acid solution, the solution being main- 
tained acid; and I found that the special iron pipe which I was 
trying dissolved at less than one-quarter the rate of the ordinary 
iron pipe. Acid solution, however, is not the only manner in 
which service pipes are attacked; and I therefore took the same 
samples and submitted them to a dilute solution of hydrogen per- 
oxide fora similar period. In this case, the specially pure iron tube 
was oxidized at twice the rate of the ordinary iron tube; so that, 
while for enclosed positions the special pure iron tube was found to 
be better than the ordinary iron tube, for positions where the pipes 
are exposed to the action of theatmosphere, the ordinary wrought- 
iron tube is better. I had an instance of this brought to my 
notice recently. A certain engineer had some water-tube con- 
densers re-tubed with this special iron; but ineighteen months he 
had to putin new tubes, owing to the evolved gases condensing 
and oxidizing the tubes right away. Before I leave the question 
of service pipes, I should like to mention a small point which 
may be of interest. I recently dug-up some old service pipes 
from one of the main streets quite close to the site of the original 
gas-works in Macclesfield, which were established there about 
1813. The pipes we have recently come across are some of the 
original copper service pipes. They have not been in actual use 
for about sixty years; but we only took them out of the ground 
some ten days ago, and I have brought two small samples with me, 
thinking they might be of some interest to the members. They 
are made from sheet copper, simply brazed; and the workman- 
ship and the way these pipes are brazed are very excellent. If 
you examine the end of one of the pieces of pipe, which is bent- 
up considerably, you will find that, even where it is bent to nearly 
a right angle, the brazing is still quite sound. {[ am rather sur- 
prised that the author’s experience of street lighting is in favour 
of the larger or ‘* Universal” mantle. This is not our experience, 
for two reasons. First of all, we find it easier to get with the 
small mantle a really good light; and, secondly, our breakages 
of these mantles are extremely small. We average rather less 
than 14 mantles per burner per annum. 


Mr. Harotp Davies (Chesterfield) : The writer of the paper 
refers to frost as an excellent detector of leakage. In my opinion, 
a slight fall of snow in spring is a better indicator, as you then 
find, for a considerable distance round the leakage, that the snow 
is disturbed, and the fault can be discovered by the eye. As to 
damage caused by electric cables, I bad a rather serious experi- 
ence about four months ago, when three large boxes were blown- 
up in connection with an explofion from electric mains, due to a 
fault, of course, in the live cable. In bringing the matter before 
the respective Committees of the Gas and Electricity Depart- 
ments—of which a Joint Committee were appointed to inquire 
into the matter—I pointed out the fact that bitumen-covered 
cables would generate gas, and cause an explosion. ! was met 
by the statement—which was true—that the cables were covered 
with paper, and were also armoured, and that consequently no 
gas could arise from that source. However, I got hold of a piece 
of that cable, and satisfied myself that even so a gas of an explo- 
sive character could be generated. I offered to demonstrate to 
the Chairman of the Electricity Committee that this was actually 
the fact ; but he declined my suggestion, and the Electricity Com- 
mittee paid the whole of the costs, which, I think, ran into several 
hundred pounds, because the underground cables of the Post 
Office running north and south were in the same street, and 
several hundred yards of this cable had to be taken up. 


Dr. A. Parker: There is one point I should like to refer to 
in connection with an instance of explosion from electric cables, 
in which the engineer reported gas in the culverts, and also in 
the cables—by which he means, I suppose, the cable pipe. Ap- 
parently the concentration of gas in the cables was so great that 
the engineer was able to draw-off a stream of gas and light it. I 
notice that Mr. M‘I. Cleland explains it by saying that it was due 
to osmosis or diffusion through the solder. This seems to me 
to be rather surprising, because the density of coal gas is approxi- 
mately the same as that of water vapour; and in that case there 
should not be diffusion, because if the cables were water-tight and 
the cable piping also water-tight, they should be gas-tignt, and 
thus prevent diffusion through the soldered joints. I think this 
could have been tested—perhaps the author has tested it—by , 
taking a sample of the gas, and analyzing it, and finding out its 
composition relative to that of the gas supplied in the district. 
If it were diffusion, one would expect to find the gas from the 
cable services was richer in the lighter constituents—for ex- 
ample, hydrogen—than the coal gas originally supplied. Apart 
from the possibility of the cable not being gas-tight, it may be 
possible that the paper insulation would give rise to gasitself. If 
you can get gas from bitumen or other insulating material, it is 
also possible to get it from a defective cable resulting from a dis- 
tillation of the cellulose constituents of the paper insulation; and 
I wonder if the author could tell us whether samples of gas have 
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been taken and analyzed to test this theory of diffusion through. 
the solder. It appears to be rather extraordinary. 


Mr. M'I. CLELAND, replying to the discussion, said: I am 
pleased to find that the scattered remarks and the reminiscent 
sentences I have given have really interested you to such an ex- 


tent as to raise a good discussion, which is hardly what I expected. 
You will notice that it is a preliminary paper, and one of the 
figures to be revised is that referred to by Mr. Lacey—viz., the 
day pressure of 25 1oths. That should be 35-10ths. It is 35-1oths 
in the little brochure we have handed toyou. Whether the mistake 
in the paper is a printer’s error or not, I do not know; but it will 
becorrected. The ventilation of street boxes has been mentioned ; 
but I think I have been able to show that there is no difficulty 
whatever in ventilating them. Electric light street boxes are ven- 
tilated ; and although the then electrical engineer in Belfast had 
a long face about the expense, he never made any difficulty with 
regard to the engineering point of view. The insuperable diffi- 
culties in ventilating telephone culverts exists in the minds of 
Post Office engineers alone. So far as I can see, there should 
be no more trouble in ventilating a street culvert used for tele- 
phone and telegraph wires than there is in ventilating a culvert in 
the side-walk used for electric light wires. My point is that, if a 
culvert 6 ft. by 4 ft. is opened (say) once in twelve months, a very 
slight leakage, and one which would not be worth while thinking 
of if the box were always being opened, would gradually accumu- 
late, and in time produce an explosive mixture, which would be 
met with as soon as the box was opened and the man entered 
with a light. A simple ventilation of that box would carry away 
any such slight leakage without the least danger to anyone present 
in the street. We have, as I stated in the paper, mains from 2 in. 
up.to 36 in. Of course, the 2 in. mains are exceedingly old; and 
our standard minimum size now is 4in. All new roads at the 
present time being made in connection with housing schemes are 













supplied with nothing less than 4-in. mains; but there is one 
curious point to be mentioned in connection with these old 2 in. 
mains. There is no doubt that the material of which the mains 
that have been in the ground for forty years were made was 
infinitely better than the material now used by the pipe makers, 
The pipes were not, perhaps, so evenly cast—they differed rather 
in the thickness of the walls—but so far as the lasting qualities 
are concerned, they are far superior. Although we would not 
now think of laying a 2-in. main, I am very often really loth to 
take these old 2-in. mains out. They are in such a sound con. 
dition. As to the controversy between the “ Universal” and 
“ Bijou” mantle, I am open to be convinced. I gave you the 
figures which, as I say, did not show us anyeconomy at all of the 
* Bijou ” over the “ Universal;” but I should also mention that 
we are not particularly keen on keeping our mantle breakages 
down to a low point. We want a good light; and the mainten- 
ance inspectors are impressed with the fact that, although they 
are to exercise ordinary care, they must not nurse their mantles 
too much. If there is a defective light, the mantle comes out at 
once. It is far better to have a good all-round general light than 
to be able to say at the end of the year that your mantle break. 
ages are down to one mantle or a mantle-and-a-half per burner 
per annum. With regard to what happens in electric light 
cables, I have not myself made any tests. I could only take 
the word of the engineer that he had drawn-off gas. I know that 
all his cable tubes are tested under pressure before being passed; 
and I suggested the principle of diffusion because it seemed at 
that time to be the only explanation. I am glad that my atten. 
tion has been directed to it to-day; and I will inquire into it 
more fully. I am also exceedingly obliged to Mr. Lacey for the 
reference to the Board of Trade report on bitumen. I do not 
miss. many things, but apparently I have missed that entirely. 
I thank you very much for the way in which you have received 
this paper. 












AMMONIA YIELDS FROM VERTICAL RETORTS. 









In view of the high yields’ of sulphate of ammonia, 
resulting from the carbonization of coal in continuous ver- 
tical retorts at the Coatbridge Gas-Works, it was decided to 
carry-out a series of practical experiments with a view to 
establishing, in the first instance, the cause for such high 
yields. The experiments were continued in order to estab- 
lish the value, from the standpgint of the yield of ammonia, 
of passing hydrogen in the form of blue water gas, made in 
a separate plant, through the carbonizing coal and coke in 
continuous vertical retorts. 


Gas Investigation Committee's Uddingston Results.—It is on 
record that at the Uddingston Gas-Works the Gas Investi- 
gation Committee of the Institution of Gas Engineers 
obtained 41°4 lbs. of sulphate of ammonia per ton of wet 
coal from Lanarkshire washed double nuts carbonized in 
continuous vertical retorts, with 44°8 p.ct. steaming. This 
figure was calculated from the total ammonia contained in 
the ammoniacal liquor. 

Sulphate of Ammonia Sales at Coatbridge——An average, 
over twelve months’ working, of fully 46 lbs. of sulphate of 
ammonia per ton of coal carbonized has been sold at Coat- 
bridge. This figure was on the wet basis; the volatile 
ammonia only being recovered, and no lime or other alkali 
being used. The coal was similar tothat used at Uddings- 
ton, except that a proportion was in the form of washed 
single nuts. 

Ammonia Recovery.—The removal of the ammonia from 
the gas at Coatbridge is thorough; the gas passing through 
a Livesey washer, two tower scrubbers in parallel, and 
finally a Holmes washer-scrubber. The photograph (fig. A) 
shows the arrangement of the scrubbing plant. No effort 
is made to increase the ammonia content of weak liquor by 
re-pumping through any part of the scrubbing plant. 

Sulphate Manufacture—The liquor is collected in the 
common tar well, and is pumped daily to overhead tanks. 
It is allowed to settle, and is passed from there to the sul- 
phate works. The stills are of an old type, and have a liquor 
capacity of 40 cwts. of salt per day. They are soon to be 
replaced by the modern type of the same still. Diagrams 
1 and 2 show the different designs. Before each experiment 
the stills and superheater were cleaned and overhauled; 
while the saturator and plant generally had a careful ex- 
amination for defects. The fixed ammonia was not re- 
covered in any of the experiments. 





By GEORGE BRAIDWOOD, of Coatbridge. 





See 6 ee I 2 3 
Semi-Low | Semi-Low 
Semi-Low | Uniform | Tempera- | Tempera- 
Tempera- | Tempera- | __ tures, tures, 
— tures and | turesand | 20 P.Ct. to P.Ct. 
40 P.Ct. 20 P.Ct. | Steaming, | Steaming, 
Steaming. | Steaming. | pilus Blue | plus Blue 
| | Water Gas.| Water Gas. 
BE. Pet Mah mee ih ia 
°C, °c. |g, é 
Waste gases. . . .. . 731 807 755 769 
Combustion chamber No. 8 gIo 1062 gI5 898 
" 7: 947 1089 971 985 
” ” 6. 1000 III2 1068 1029 
” ” os 1051 1120, | 1081 1074 
” ” 4. 1074 1136 | 1101 1083 
” ” % « 1075 1113 1075 1094 
” ” 2. 1096 1123 1104 121 
_ ‘9 a 1127 IIIs III9g 1136 
Secondary air ae 410 395 413 | 496 
Fuel used in producers— | 
Coke in Ibs. per 100 lbs. coal 10°52 12°25 10°86 11°34 
Moisture p.ct. in coke. 1'52 0°96 1°03 1°12 
| 





Scottish Coal and Carbonizing Tempevatures.—As coal ob- 
tained in Scotland is easily carbonized, it was considered 
neither advisable nor necessary to carry high retort heats; 
combustion-chamber temperatures of 1100° C. being con- 
sidered satisfactory. Fresh fuel was used throughout the 
experiments; the whole being drawn from Lanarkshire 
collieries. Unfortunately the proportion of single nuts 
used could not be kept constant, as difficulty with de- 
liveries was being experienced at this period. 

Temperature Readings——The combustion-chamber tem- 
perature readings were taken by means of a Cambridge 
optical pyrometer and a thermo-electric couple and gal- 
vanometer. ‘The average readings throughout the tests are 
shown in Table I. Temperature readings of the gas leaving 
the ascension pipes and collecting mains were also taken at 
regular intervals during each test. 


TaBLe 1.—Temperatures of Retort Settings. 























Measurement of Steam.—The steam to the retorts, which 
was not superheated, was measured through steam-meters, 
and was passed into the coke chambers of the retorts through 
g-in. tubes; no nozzles or diaphragm plates being used. 

Experiments requiring the use of Blue Water Gas —The blue 
water gas used in the third and fourth experiments was 
measured by means of a station meter, of the usual wet 
type, situated in the retort-house. An ordinary Humphreys 

| and Glasgow blue water-gas plant was used for its manu- 
facture; while a relief holder of 250,000 c.ft. capacity 
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ensured a regular pressure. The gas was made from un- 
screened coke drawn direct from the retorts. The coke was 
weighed dry, and, to prevent breakage, was not handled by 
the conveyor. The water gas was used unpurified. 

The Application of Blue Water Gas.—In the application of 
the blue water gas, each bed of eight retorts was supplied 
through a 3-in. tube fitted with a valve and regulating 
device. Each retort was fitted with a 3-in. supply pipe and 
stopcock. The individual stopcocks were used only when 
laying-off a retort for scurfing, or in the.event of a retort 
sticking. The water gas, at an average temperature of 
8.° Fahr., was passed into the retorts, as high up on the 
bottom castings as possible, while the g-in, steam pipes were 
altered to admit the steam as low down on the castings as 
possible. Fig. B shows the arrangement of blue water-gas 
connections and meter, and Diagram 3 shows the steam and 
water-gas connections to retort coke chambers, as well as 
the arrangement of water-gas regulating valve to each oven. 

Coal Sampling.—Owing to a mixture of washed double 
and single nuts being used during the tests, great care was 
exercised in the sampling of the material. Fortunately an 
intermediate coal hopper of go tons capacity, through which 
all the coal passed before being elevated to the main storage 
hoppers, lent itself admirably to this purpose; the mixed 
coal being sampled as it passed to the gravity bucket con- 
veyor, as will be seen from fig. C. 

Producer Fuel—The unscreened coke used as fuel in the 
producers was drawn direct from the retort coke chambers 
into skips, and was weighed before being raised by the lift 
to the producer platform. 

Gas Measurement.—The gas made was measured by a 
Station meter recently fitted with a new drum, and tested ; 
the usual corrections for temperature and pressure being 
made, 

Declared Calorific Value-—Throughout the tests an effort 
was made to produce gas of a quality within the limits 
allowed under a declaration of 475 B.Th.U. per c.ft. 

Experiment No. I.—As it is generally thought that maxi- 
mum yields of ammonia can be obtained from coal at a 
carbonizing temperature of 800° C., it was arranged to 
Operate the carbonizing plant on what might be termed 
Semi-low temperature carbonizing methods. The Glover 
West type of setting in use lent itself to this method of 
working ; and progressive flue temperatures graduating from 





FIG, AWARRANGEMENT OF SCRUBBING PLANT. 


731° C. in the waste-gas flue to 1127° C. in No. 1 combus- 


tion chamber were obtained. It is doubtful if such tem- 
peratures could be used successfully with any but Scottish 
coal; but with such fuel no difficulty was encountered. 

The mixture of material used during this test consisted of 
71°64 p.ct. washed double nuts and 28°36 p.ct. washed single 
nuts, having a moisture content of 14°81 p.ct. as it passed 
from the intermediate coal bunker. It should be noted, 
however, that the coal lost 2°69 p.ct. of this in its passage 
through the main coal bunkers, entering the retort charging 
valve with 12°12 p.ct. of moisture. 

Steaming.—Steaming was practised to the extent of 40 p.ct. 
on the weight of coal (wet basis), the steam entering the 
retorts at 56-1oths water pressure. 

Second Experiment.—In the second experiment the general 
practice of uniform retort temperatures was tried ; the 
average combustion-chamber temperature being 1108°C. 
The mixture consisted of 60°26 p.ct. washed double nuts 
and 39°74 p.ct. washed single nuts. The steaming in this test 
was reduced to 20 p.ct. on the weight of coal (wet basis). 

Third Experiment.—In this experiment blue water gas 
was introduced below the extractor worm at 30-r1oths water 
pressure, and passed up through the charge in the retorts 
at the rate of 23°5 therms per 24 hours per retort; the 
weight of steam being maintained at 20 p.ct. on the weight 
of coal carbonized. The steam entered the retort at 30- 
1oths water pressure. To prevent loss, the supply of blue 
water gas was shut-off at the main valve controlling the 
supply to each oven at the period of drawing the coke. 
Immediately the coke chamber doors were closed the water 
gas was again turned on. Nothing in the nature of an 
ignition or explosion of the water gas occurred during the 
test ; careful watch being kept on the sensitive water gauges 
connected to the coke chambers. 

Fourth Experiment.—This experiment was conducted on 
the same lines as the third, except that the steaming was 
reduced to 10 p.ct. on the weight of coal carbonized (wet 
basis). The steam entered the retort at 12-10ths water 
pressure. The mixture of fuel consisted of 62°31 p.ct. 
washed double nuts and 37°69 p.ct. washed single nuts. 

Ignition of Blue Water Gas.—On turning-on the water gas 
in the fourth experiment, after the withdrawal of the coke, 
an instantaneous rise and fall of water pressure to and from 
3 in. occurred, as if the water gas at the point where it 
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FIG, B.—BLUB WATER-GAS CONNECTIONS, AND ETER, 











BFIG.? C.—COAL' SAMPLING. 
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FIG. D.—-COKE TO BLUE WATER-GAS PLANT, AND BLUE WATER GAS TO VERTICAL RETORTS. 

























































































DIAGRAM 1. 
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DIAGRAM 2. 
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DIAGRAM 3.—STEAM AND BLUE WATER-GAS CONNECTIONS, STEAM-METERS, 
AND BLUE WATER-GAS REGULATING VALVE. 


entered the retort coke chamber had ignited. However, 


the gas could not remain alight, as the introduction of air 


in sufficient quantities to support combustion was impos- 


sible, owing to the maintenance of a slight pressure on the 
coke chamber. 


TasLe II.—Analysis of Ammoniacal Liquor. 








eek ys: 4 z 2. 3. 4 
Sp.gr.. . i iy ee un I°OI5 1'OI7 I°O14 I°OI4 
Free ammonia, p.ct. byweight | 1°053 I‘OIt 0°985 1*002 
Fixed ammonia, ,, ‘ | O°OI7 0°035 0°045 | 0'062 
Total ammonia, ,, ‘eo 1°070 1°046 1'030 =| ~=%1'064 
Total sulphur, ,, i | ©°067 | 0°085 | o° 105 | 0°096 

Spent Liquor— 
Free ammonia, ,, re | 0 oI0 0'016 o'o18 | 
Fixed ammonia, és je 0°029 0°042 0°055 es 
Total ammonia, ,, 25 0°039 0°058 0'073 CO eo 
Total sulphur, ,, + 0°020 0°025 o’o60——F7 oe 
































TaBLe III.—Analysis of Coal. 
pe eee , Ze 2. 3. | 4. 
Proximate analysis— % | 
_ (Coal dried at 212° Fahr.) | 
. Fixed carbon a 55°75 54°36 56°54 55°86 
Volatile matter - 34°83 36°76 33°90 34°92 
a, Re ae 1°07 1°06 1°15 1°09 
ee ee 8°35 7°82 8°41 | 8°13 
100°00 100°00 100°00 | 100°CO 
Ultimate analysis— | a 
(Coal dried at 212° Fahr.) 
CRs. ae g 73°56 oe oe oe 
ne, re 5°24 ee ° 
a PO NE ie | 10°10 me ait ts 
ee 1°68 1°54 1*60 1°6 
Se. ce te 1'07 | ia ; ie J 
eS er 8 35 
100'00 he 
Calorific value— = 
B.Th.U. per Ib. 13,149 13,518 13,050 12,926 

















Analysis of Coke. 





























Proximate analysis— 
(Coke dried at 212° Fahr.) | 
Fixed carbon .. . .j{| 84°49 84°48 84°01 85°12 
Volatile matter. | 2°30 2°90 2 02 2°75 
Sulphur . | 0°74 0°75 0°76 0’ 80 
am . | 12°47 11°87 13'21 11°33 
- = porhesiasneabaaii 
| 10000 100 00 10000 100 00 
} —_ = = ian 
Nitrogen 1°30 1°34 1°30 
Analysis of Tar. 
eer 
Sp.gr. at 60° Fahr. . | 1°066 | 1'o81 
| P.Ct. by P.Ct. by 
Weight Weight. | 
Water and ammoniacal liquor 6°2 o°8 ° 
Light oil (upto 17o°C.) . . | 4°3 06 | oe 
Middle oil (170° to 230° C.) 9°5 2°6 | oe 
Creosote oil (230° to 270° C.) . | 10°4 25'0 | 
Anthracene oil (270° to 360° C.) 28°3 24°6 | 
es << +. cher tht we i 41°3 46°4 
100°0 ° 100'0 | 
Freecarbonintar. . . . 1°6 rs | 
Melting-point of pitch . ‘ 64° C. 62° C, 





Retort Pressures —Throughout the tests the retort-house 
governor was set to maintain level gauge on the retort 
mouthpiece. 

Temperature of Gases —The temperature of the crude gas, 
taken in the ascension pipes as it left the retorts, varied 
between 115° C. and 120°C, in all four experiments. 

Comparative Results —The results obtained in the four 
tests are shown in Tables Nos. II., III., and IV.; and, so 
far as they refer to yields per ton of coal carbonized, are 
given on the wet basis. 

Thermal and Chemical Balances.—Thermal and chemical 
balances have not been constructed from the figures ob- 
tained ; but the economic balances, the results of which were 
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TaBLe 1V.—Results per Ton of Coal Carbonized (Wet Basis). : 





Test No, 








Duration of test E 

Coal carbonized, in tons. 

Gas made, in therms, total . . 
per ton of coal é 

Calorific value of gas, B. Th.U. per c.ft. gross 

Composition “=. p.ct. by volume— 


Steam to retorts, p.ct. on coal carbonized ° 
Blue water gas to retorts, therms per ton of coal carbonized 
Diameter of steam openings to retorts. . 
Pressure at openings, in tenths water pressure 
Diameter of blue water-gas openings to retorts . 
Pressure thrown by relief holder, in tenths water — re 
Coal carbonized per retort per day, in tons . 
Moisture, p.ct.,incoal . 
Coke (screened) available for sale per ton of coal, in cwts. 
Moisture, p.ct., in coke 
Breeze and dust available for sale per ton of coal, in cwts. 
Moisture, p.ct., in breeze. . 
Tar available for sale per ton of coal, ‘in gallons 0 ‘ 
Sulphate of ammonia available for sale per ton of coal, in n Ibs. . 
Analysis of sulphate of ammonia— 
Ammonia. . 
Equal to sulphate 
Free acid . 
Moisture . 


considered to be of primary importance, have been carefully 
compiled. 

Therms per ton of Coal Carbonized—The yield of therms 
per ton of coal carbonized varied from 7001 therms with 
40 p.ct. steaming to 81°77 therms with 10 p.ct. steaming 
and the addition of blue water gas. The quality of the gas 
could not be maintained at 475 B.Th.U. per c.ft., but fell 





to 455 B.Th.U. on the addition of blue water gas in the | 
third and fourth tests. 
Analyses of the Gases.—The percentage volume of hydro- 
carbons remained practically constant in the region of | 
2°0 p.ct. throughout the tests. Methane fell from 22°6 to | 
20°7 p.ct.; while carbon monoxide rose from 12°4 to 146 | 
p.ct. Carbonic acid was 7°o p.ct. in the first test, but re- 
mained steady at about 6:0 p.ct. in the remaining tests. 
Coke Results.—The weight of screened coke available for 
sale fell from 9*23-cwt. in the first test to 8°38 cwt. in the | 














| | 
I. 2 3. vs 
° Pe! 21 days. 21 days. 21 days. 21 days. 
: | 1338 1146 | 922°7 845°25 
. | 93,665 84,074 | 73,521 68,116 
° | 70°O1 73°36 | 79°68 81°77 
. 464 470 455 455 
7°0 6"! 5'9 60 
a a°t 23 2°0 2° 
| o'4 0'5 0°'6 0'5 
12°4 13/0 14°4 14°6 
22°6 22°5 20°4 20°7 
47°3 47°9 48°7 48'o 
8°2 7°8 8'o 8'r 
| 100'0 100°0 100°O 100°O 
40 20 20 10 
—- _- 7°242 7°84! 
Zin Zin. Zin. Zin 
56 30 30 12 
_— — 2 in. 3 in 
30 30 30 30 
3° 034 2°984 3°231 2°997 
14°81 13°82 14°57 13°89 
9°23 9°35, 8°38 8°64 
15°15 13°83 14°12 13°59 
1°38 1'49 0 92 0°93 
1°55 1°18 0°96 IOI 
20°27 17°43 18°43 18°05 
48°96 39°52 40°32 30°68 
25°09 25°11 24°97 24°94 
97°40 97°48 95°94 96°82 
o'rI5 0'23 0°26 0'37 
2°00 1°87 2°41 2°51 





third. A point of peculiar interest is the moisture content 
of the coke available for sale in the first test compared with 
that in the remaining ones. The coke in test 1, treated in 
exactly the same manner, retained’ over 1 p.ct. more 
moisture than the coke in tests Nos. 3 and 4. Less breeze 
was made in tests Nos. 3 and 4, where blue water gas was 
used. Generally, the coke from tests Nos. 3 and 4 had a 
better appearance than that obtained from tests Nos. 1 
and 2. 

Tar Results with 40 p.ct. Steaming— The yield of tar 
amounted to 20°27 gallons per ton of coal carbonized—fully 
two gallons more than in tests Nos. 2,3,and 4. Analyses of 
the tar made in tests Nos. 1 and 3 show considerable 
differences; the light and middle oils being 13°8 p.ct. in the 
sample from test No. 1, and only 3:2 p.ct. in the sample 
from test No. 3. 


Creosote and anthracene oils were 39°7 p.ct. in test 


TaBLe V.—Manufacturing Costs. Economic Balance for the. Production of the Therm. Test No. 1—Semi- 


Low Temperature Carbonization, 40 p.ct. Steaming—Gas Quality, 464 B.Th.U. per C.Ft. 
per Ton x 464 B.Th.U. per C.Ft. = 70°01 Therms. 


15,087 C.Ft. 
Total Gas Made, 93,665 Therms. 





WET BASIs. 
Coal used, 1338 tons at 20s. per ton 
Residuals sold— 
Coke, 618 tons at 25s. perton. . . .*. 
Breeze, 92'75 toms at 5s. per ton. . . 
Coke from pan ashes, 20°35 tons at Is. per ton 
Tar, 27,135 gallons at 4°8d. per gallon. . 
Sulphate of ammonia, 29°5 tons at £13 per ton 


Credit balance from residuals over cost of coal . 
Wages paid— 
Leading hands, 67°5 shifts at 11s. per shift 
Stokers, 67°5 shifts at ros. per shift . 
Coal and coke attendant, 18 shifts at 7s. 6d. per shift 
Greaser lads, 42 shifts at 5s. per shift ‘ 
Sulphate maker, 30°75 shifts at ros. 6d. per shift. 
Boilermen, €7°5 shifts at ros. per shift . 
Engine-room cleaner, 18 shifts at 58: - ” shift 
Proportion of management ‘ 
Boiler fuel used— 
Breeze, 92'75 tons at 5s. per ton. . . 
Coke from pan ashes, 20°35 tons at Is. per ton 
Coal gum, 74°4 tons.at 8s. perton , ae: 
Water used— 
250,000 gallons at 11d. per 1000 gallons. 
Sulphuric acid— 
27 tons at £3 per ton 
Gas-engine fuel— 
2375 therms at 4d. per therm . 


Net manufacturing cost of gas . 
Pertherm . Soe ie 




















| Per Therm | Per Therm 
| made. | made, 
£ a8 | £ sd d d. 
| 
| 1338 Oo o | 3 428 
| | 
772 10 O 1°979 
23 3 0 0°059 
: 3s | 0°003 
542 14 0 r 4a 
383 10 oO 1723 4 0 | 0'983 4°415 
385 4 0 0987 
oF 2.9 0°095 
33 15 oO 0° 087 
615 0 0 O17 
10 10 oO 0°027 
16 30 O'O4I 
33 15 0 0°087 
414 0 o’O12 
1600 | O°O4I 
23 30 | 0°059 
I 70 | 0'003 | 
29 15 Oo 0°076 
II 9 0 | | 0'029 
81 0 Oo | | 0'208 
99% 0 | 344 9 Cc | o*100 | o°882 
49 I5 0 


O*105 
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. 
No. 1, against 49°6 p.ct. in test No. 3, with pitch 41°3 p.ct. | 
against 46°4 p.ct. ~ 

Ammonia Yields.—In the first experiment, with 40 p.ct. 
steaming and the combustion- chamber temperatures 
graduated from 731°C. at the top to 1127°C. at the bottom 
of the settings, a yield of 48°96 lbs. of ammonium sulphate 
(24°75 p.ct. NH) per ton of wet coal was obtained. The 
conditions in this experiment were similar to those obtaining 
during a period of twelve months working, when just over 
46 lbs. of ammonium sulphate were sold per ton of wet 
coal. The free ammonia in the ammoniacal liquor from 
this experiment was very much higher than in tests Nos. 2, 


Taste VI.—Manufacturing Costs. 


Economic Balance for the Production of the Therm. 
Untform-T emperature Carbonization, 20 p.ct. Steaming—Gas Quality, 470 B.Th.U. per C.Ft. 
per Ton x 470? Th.U. sai Fj. = 73 ‘aha Therms. 


3, and 4, while the fixed ammonia only amounted to the 
very low figure of o'017.p.ct. With the steam reduced to 
20 p.ct. on ‘the weight of coal carbonized (13°82 p.ct. 
moisture) in experiment No. 2, and regular combustion- 
chamber temperatures of an average of 1108° C., the yield 
of ammonium sulphate fell to 39°52 lbs. per ton. The 
total ammonia in the liquor going to the sulphur works fell 
0'024 p.ct., while the fixed ammonia had just doubled itself, 
being 0°035 p.ct. 

Blue Water Gas—Effect on Ammonia Yields.—In experiment 
No. 3 blue water gas was passed into the base of the re- 
torts together with the same percentage of steam as in test 


Test No. 2— 
15,609 C.Ft. 
Total Gas Made, 84,074 Therms. 




















abies Per Therm Per Therm 
ade. fade. 
fm @ PF © é d i 
WET BasIs. 
Coal used, 1146 tons 1146 0 O 3°27! 
Residuals sold— 

Coke, 524°3 tons. 655 7 0 1°871 

Breeze, 85'5 tons . at. 97: © 0061 

Coke from pan ashes, 18 tons . 018 o 0'002 

Tar, 19,983 gallons . : , 399 13 Oo I‘I4! 

Sulphate of ammonia, 20°2 tons ‘ 262 12 oO 1339 17 0 "749 sons 
Credit balance from residuals over cost of coal 193 17 Oo 0°553 
Wages paid— 

Leading hands 33 3 © 0*0g1"* 

Stokers. ‘ 33 15 oO 0°082* 

Coal and coke attendant 615 0 o*o16* 

Greaser lads . 4 10 I0 Oo 0°025* 

Sulphate maker, : 21° 25 shifts = 306 0° 032 

Boilermen. . es 33 15 oO 0'082* 

Engine-room cleaner : 414 0 o‘ori* 

Proportion of management . 16 00 0'039* 

* Calculated on coal tonnage in No. 1 test ‘multiplied i dumee 
produced per ton in this test. 
Boiler fuel used— 

Breeze, 85°5 tons ose aiid 21 ° 0'o61 

Coke from pan ashes, 18 tons, Sa er 018 o 0'002 

Coal gum, 66*4tonms . ‘ 26 11 Oo 0°075 
Water used— 

220,000 gallons ° .. 10.23 0 0028 
Sulphuric acid— | 

36°75 toms. . . « « . 56 5 o | o* 161 
Gas-engine fuel— 

2375 therms 39 1 Oo 307 17 Oo 0°095 0*800 
Net es cost of hai 114 0 0 

Per therm . 0°247 
TasLe VII.—Manufacturing Costs. Economic Balance for the Production of the Therm. Test No. 3—T wo- 


Stage Carbonization, 20 p.ct. Steaming and the Introduction of Blue Water Gas—Gas Quality, 455 


B.Th.U. per C.Ft. 


Therms. 


17,512 C.Ft. X 455 B.Th.U. per C.Ft. 


= 79°68 Therms. Total Gas Made, 73,521 





WET BAsIs. 

Coal used, 922°7 tons 
Residuals sold— 

Coke, 386°7 tons. 

Breeze, 42°65 tons ‘ 

.Coke from pan ashes, 18 2tons . 

Tar, 16,906 gallons . . 

Sulphate of ammonia, 16° 9 tons . 


Credit balance from residuals over cost of coal . 
Wages paid — 

Leading hands 

Stokers. . 

Water-gas operators, 25 ‘shifts at 8s per ‘shift ‘ 

Coal and coke attendant 

Greaser lads . , 

Sulphate maker, 18 shifts : 

Boilermen. 

Engine-room cleaner *) ¥4 

Proportion of Management . : 

* Calculated on coal tonnage in No, 1 test ; multiplied te thorms 


produced per ton in this test. 
Boiler fuel used— 


Breeze, 104°2toms . . . . 
Coke from pan ashes, 13 3 tons - 
Coal gum, 104°75 tons . ; 
Water used— 
290,850 gallons 
Sulphuric acid — 


1§°7§toms. . . « « e 
Gas-engine fuel— 
aayeuperms.. . . . »« 


Net manufacturing cost of on 
Per therm. . 


























Per Therm Per Therm 
Made, Made. 
£s da } fe &@& d, d, 
922 14 0 3012 
483 7 0 1'578 
10 13 0 0°034 
o18 Oo 0'003 
338 200 I°103 
219 14 0 1052 14 Oo 0718 3°436 
130 0 O 0°424 
7; 2 @ 0°084 
33 15 0 0'076 
10 0 O 0°032 
615 0 o'o1s* 
10 10 Oo 0°024* 
990 0°03I 
33 15 0 0°076" 
414 0 0*o10* 
16 0 0 0°036* 
6 : 0 0°085 
013 0 0°002 
41 18 o 0° 137 
3 6 © 0°043 
gs ey 0° 154 
39 I Oo 330 4 0 0'088* 0° 893 
200 4 0 
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Taste VIIIl.—Manufacturing Costs. Economic Balance for the Production of the Therm. Test No. 4—Two- 
Stage Carbonization, 10 p.ct. Steaming and the Introduction of Blue Water Gas.—Gas Quality, 455 B.Th.U. 


per C.Ft. 


17,971 C.Ft. x 455 B.Th.U. per C.Fi. = 81°77 Therms per Ton. Total Gas made, 69,116 

















Therms. 
| 
ee } Per Therm | Per Therm 
Made. Made. 
| s. d, s. d. ° . 
WET Basis. | ; , 
Coal used, 845°25 tons. 8 ° ‘ 
Residuals sold— | _ ee 
Coke, 365°3 tons . : 456 I2 0 1586 | 
Breeze, 395 toms ,... 917 0 0°034 
Coke from pan ashes, 14°4 tons o114 0 0°002 
Sy 06 067 eee 305 3 0 1‘°060 
Sulphate of ammonia, 11°58 tons. I50 10 oO 922 16 o 0° 522 3°204 
Credit balance from residuals over cost of coal . 77 11 0 0° 269 
Wages paid— | 
Leading hands 37 2 0 0*081* 
Stokers. . Ko Se eae SS eee sm 33 15 oO 0'074* 
Water-gas operators, 23 shifts at 8s. per shift 9 4 0 0'032 
Coal and coke attendant ie eee et es 615 0 o'o15* 
Greaperlads . 3.8. . 10 I0 oO 0'023* 
Sulphate maker, 12°5 shifts | 61r o 0022 
eee OS eS | 33 15 oO 0°074* 
Engine-room cleaner . . ... . 414 0 o’o10* 
Poaposmon of @amagement ..-. sts. . « 6 6 tw 16 00 0°035* 
* Calculated on coal tonnage in No. 1 test multiplied by therms 
produced per ton in this test. 
Boiler fuel— 
Breeze, 98°5 tons pie ak ae te 24 12 0 0°085 
Coke from pan ashes, 14°4 tons . O14 0 0*002 
Coal gum, 84°7 tons. . 33 18 o o°118 
Water used— 
257,400 gallons . Ir 16 0 O°O41 
Sulphuric acid— 
10°75 tons. : 32 5 0 O'r12 
Gas-engine fuel— 
2375 therms . | 39 I oO 300 I2 0 0'086* | .o'810 
Net manufacturing cost of gas . | fh 1@ig- 2-8 
Pertweermm. 3% Cl | 0°541 
| | 








No. 2—namely 20 p.ct. It was hoped that the hydrogen in 
the blue water gas would have the effect of liberating a 
portion of the nitrogen in the coke, with formation of 
ammonia. The result of the test did not show any improve- 
ment in the yield of sulphate of ammonia; the quantity 
produced being similar to that of test No. 2, where no blue 
water gas was used—namely, 40°32 lbs. per ton of coal 
carbonized. The fixed ammonia in the liquor again showed 
an increase; the figure being-0°045 p.ct. The nitrogen in 
the coke varied only slightly in tests Nos. 2, 3, and 4; the 
figures being 1°30, 1°34, and 1°30 p.ct. respectively. A 
further reduction in steam used was made in test No. 4; 
only 10 p.ct. on the weight of coal being introduced with 
the blue water gas. 

The result of the reduction in the weight of steam was 
that quantities of incandescent coke reached the coke re- 


ceiving chambers; and it was deemed that in this test the 


blue water gas was being afforded every opportunity of 
performing that work which it was hoped it would accom- 
plish—namely, the liberation of nitrogen from the coke to 
form ammonia. ‘The test, however, proved to be a failure. 
A further drop in the yield of sulphate of ammonia resulted ; 
only 30°68 lbs. being obtained. The nitrogen in the coke 
was not affected, while the liquor showed a further in- 
crease in fixed ammonia to 0062 p.ct. 

Economic Balances.—Economic balances were prepared for 
each of the four experiments in order to arrive at the 
manufacturing costs incurred with the different methods of 
working. It was found that the manufacturing cost of the 
therm varied widely with the conditions in which the ex- 
periments were conducted. The balances are shown in 
Tables Nos. V., VI., VII.,and VIII, With 40 p.ct.steaming, 
as in experiment No. 1, the manufacturing cost of the therm 
was minus o-105d. The credit balance from residuals over 
the gross cost of coal in this experiment was o'987d. per 
therm; the coal costing 3°428d., and the residuals returning 
4°415d. per therm. It is of interest to note that in all four 
experiments the residuals showed a credit balance over the 
cost of coal. 


In experiment No. 2, with 20 p.ct. steaming, the manu- | 
facturing cost of the therm was 0'247d.; the difference | 


being in the coke, tar, and sulphate of ammonia. With 
20 p.ct. steaming, and blue water gas manufactured in a 
separate plant, the manufacturing cost of the therm was 
0°469d.; while in experiment No. 4, with ro p.ct. steaming, 
and blue water gas added, the manufacturing cost was 0°541d. 
Capital charges and rates and taxes have not been taken 





| 


| 


| 


| 





into account in arriving at the manufacturing costs in any 
of the experiments. 
ConcLUSIONS, 

From the results of the tests, it would appear that in order 
to obtain maximum yields of sulphate of ammonia, fairly 
heavy steaming, coupled with moderate retort temperatures, 
should be practised, in order.to ensure that the gases leave 
the retort rich in moisture. 

It will be observed that in test No. 1 the hydrogen con- 
tent of the gas leaving the retort was lower than in tests 
Nos. 2, 3, and 4,and would appear to show that the presence 
of high quantities of hydrogen is not of vital importance 
either in the formation or preservation of ammonia. 

This is further borne-out by the results of tests Nos. 3 
and 4, where the introduction of blue water gas appeared to 
have no beneficial effect in the formation of ammonia; the 
yield of sulphate of ammonia per ton of coal falling as the 
percentage of steam was reduced. 

It is very doubtful if the size of the carbonizing material 
has any effect on the ammonia yields, as before and after 
the period of the tests similar productions of sulphate of 
ammonia were obtained with broken screened coal and 
washed treble nuts. 

The results of the tests show that heavy steaming does 
not necessarily mean low quality gas, as in test No. 1, with 
low top temperatures in the retort, the gas quality was 
maintained at 464 B.Th.U. per c.ft.; the excess of steam, 
not having been converted into water gas, presumably find- 
ing its way to the tar and liquor well. 

The writer is indebted to Mr. James Sorley, F.I.C., 
A.R.T.C., of the City of Glasgow Analysts’ Laboratory, for 
his assistance in carrying out the necessary chemical 
analysis in connection with the tests. 


Discussion. 

The PRESIDENT: Results obtained in actual practice are always 
of value, and Mr. Braidwood has made a useful addition to the 
information we have on this subject. This high production of 
sulphate per ton of coal will stimulate others to do the same; and 
the paper seems to indicate a way to do it. 

Mr. A. A. N. CARPENTER (Gas Light and Coke Company) : The 
paper throws light on all the conditions regarding the production 
of ammonia in vertical retorts ; and the author is to be congratu- 
lated upon having carried out a very successful and fine research. 


I was interested to know that the cheapest production cost is 
apparently at 70 therms per ton, and the greatest output of therins 
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is also at that figure. Perhaps the author will let me know 
whether I have read his figures correctly. I should also like the 
author to say if the steaming decreases to any great extent the 
ounce strength of the ammoniacal liquor. 


Mr. W. J. Smit (Bolton): I should like to congratulate Mr, 
Braidwood upon this paper, and upon getting it out on such 
practical lines. I feel, however, that the results obtained are not 
common to all works, because with our Lancashire coal we cer- 


tainly could not carbonize at the temperature at which Mr. 
Braidwood has secured such excellent results. It appears to me, 
moreover, that while his coal is excellent, it is fairly wet; and 
I almost wonder whether the real wetness of the coal has not 
been as great a preservative of the ammonia formed as the steam. 
Another point which appealed to me was that in his tables—which 
are excellently got out—while the author demonstrates the great 
advantage of ammonia—and I recognize that thisis really a paper 
on ammonia—in his first results his capital cost per therm would 
show to great advantage irrespective of the ammonia by getting 
the higher yield of therms on that system. 


Dr. A. PARKER: I am very interested in this paper, because the 
author has carried out tests somewhat on the lines of those dealt 
with by the Gas Investigation Committee in their Fourth Report. 
I take it that Mr. Braidwood’s tests were commenced owing to 


the fact that he got a larger yield of sulphate of ammonia, or sold 
more ammonia or sulphate per ton of coal carbonized with the 
same class of coal, than we obtained in the steaming tests de- 
scribed in the Fourth Report. Mr. Braidwood’s tests, however, I 
think, have given the explanation, when he obtained 46 lbs. of am- 
monium sulphate per ton. Apparently he was carbonizing at a 
lower temperature than we used. When you increase the tempe- 
rature of carbonization, then the yield of ammonium sulphate falls 
off; and in the fourth test Mr. Braidwood obtains 30 lbs. of am- 
monium sulphate. This is largely what one would expect, because 
I do not think that the ammonia production in gas-making results 
from the combination of the gaseous nitrogen and gaseous hydrogen 
to form ammonia. I do not think the nitrogen liberated from the 
coal or coke is a free gas, and then combines with hydrogen to form 
ammonia. It is quite probable that the nitrogen exists in the coal 
or coke in the first instance in the form of compounds allied to many 
of the amino compounds or complex compounds of that kind, and, 
on distillation or gasification, it isliberated as ammonia. Then the 
important point is to protect it from decomposition as it travels 
through the retort. This is brought about by lowering the 
temperature, either of the combustion chamber or inside the 
retort, and, in addition, by passing steam into the retort. If you 
pass steam into the retort, you get a water-gas reaction taking 
place, with absorption of heat, cooling the coke and reducing the 
temperature inside the retort. Further, you have a more rapid 
travel of the gases, including the steam, through the retort itself, 
reducing the time of contact of the ammonia with the hot material, 
and, therefore, reducing the amount of decomposition of the am- 
monia which takes place. There is one point which I should like 
to ask Mr. Braidwood. Can he say whether the amount of steam 
he measured in the steam-meters actually passed through the 
retorts? My experience of steaming is that, unless very special 
precautions are taken, although you may pass 40 p.ct. or 20 p.ct. 
of steam through the nozzle of the steam-meter—I gather that 
the steam-meter was of the nozzle type—leakages are bound to 
occur from the doors during working, and when the doors are 
open, and you cannot be sure what percentage of the steam sup- 
plied actually passes through the retort. I was interested in the 
experiments in which blue water gas was added to the steam. 
There, again, I believe it is a matter of temperature. I do not 
think the equivalent volume of blue water gas would reduce the 
temperature inside the retort to the same extent as the equivalent 
volume of steam, taking the steam as a gaseous substance, because 
it would not react with the coal with the absorption of heat, as 
steam does, and also, as far as I remember—I am open to correc- 
tion on this point—the specific heat of water gas is lower than 
that of steam, and the water gas, therefore, does not lower the 
temperature to the same extent. Of course, it increases the rate 
of gas going through the retort, and it increases the volume of 
hydrogeu ; but on this point I would like to mention that the pro- 
ductive action of hydrogen would only come into play provided 
you increased the concentration of hydrogen in the gas in the re- 
tort. Strangely enough, the concentration of hydrogen in water 
gas is approximately 50 p.ct., so that you do not get any increase 
in productive action from that point, because you have not in- 
creased the concentration of hydrogen in passing the gas through 
the retort at approximately atmospheric pressure, so that the 
pressure of the hydrogen still remains at half an atmosphere. 
Mr. JouN Wison (Motherwell): I think the paper has clearly 
proved that the solution for high ammonia yields is excessive 
steaming. In my own case at Motherwell, with the extra steam- 
ing which we have carried on for the past four years, we have 
obtained an average of 42 lbs. of sulphate per ton of coal carbon- 
ized; and I may add here that we have to cart the coal from 
the tip to the works, so that there is bound to be aloss of tonnage. 
The only drawback to that method of producing ammonia is, of 
Course, that the strength of the liquor is weak, which means you 
must have a little extra storage and larger ammonia stills and 


Mr. Davin Vass (Perth): The author has laid stress on the fact 
that the heat is reduced in the upper chamber, and it is there 
where the great economy is. In the one case we have a very low 
temperature in the upper part of the retort; and it is increased 


gradually towards the bottom ; while in the other case it is almost 
an even temperature throughout its length. It seems to be a 
question as to whether we should increase steaming or reduce our 
temperatures in the way indicated, or whether a combination of 
both these variations will best bring about the desired result. 
Mr. F. W. J. Betton (Macclesfield): Mr. Braidwood has re- 
marked upon its not being necessary to have a high carbonizing 
temperature with Scotch coals, having regard to their rapid 
carbonizing properties; but in order to obtain good water-gas 
results with steaming, it is necessary, because the interaction of 
steam and coke in the retort is dependent principally upon the 
temperature in the retort. Advantage can be taken of the rapidly- 
carbonizing Scotch coals in a Glover-West setting, in that you 
can get the lower temperature for carbonizing in the upper por- 
tion of the retort, and work with the temperatures suitable for a 
good water-gas production in the lower portion. You cannot 
make good water gas below a temperature of 950° C.; and the 
fact that Mr. Braidwood is not making particularly good water 
gas is shown by the CO, content of his gas, and also by the 
very high free ammonia content of his liquor, which is quite ex- 
ceptional. If he had worked on the lines suggested, with the 
temperatures in the lower portion of the retort very consider- 
ably higher than he has done—trom 1250° to 1275° C.—I do not 
think he would have interfered very much with his ammonia 
yields, because there is the point he does not bring out in the 
paper, which comes in in this way. The extra ammonia which 
you obtain from steaming—apart from the saving in decomposi- 
tion of the ammonia produced direct from the coal itself—is de- 
rived, of course, from the nitrogen in the coke, which is present 
in the form of rather complex molecules not truly broken-down. 
It is not surprising at all that the addition of blue water gas to 
the retorts did not increase the ammonia yield. It is rather what I 
should have expected, because these complex nitrogen molecules in 
the coke, or the nitrogen-containing substances which are very diffi- 
cult toattack, are quite unaffected by hydrogen molecules. They are 
affected, however, to some extent, by the nascent hydrogen ; and 
you only get that nascent hydrogen when the water gas is being 
actually produced by the steam in the retort. Then, with regard 
to the actual weights of the ammonium sulphate produced, I sup- 
pose the yield itself was tested by ordinary distillation, and the- 
whole of the basic substances in the sulphate absorbed in the cus- 
tomary way, and calculated as usual. It would be rather interest- 
ing to know what percentage of bases, other than ammonia, are 
contained in the sulphate. I operate a similar plant myself to 
Mr. Braidwood’s; but we do not make sulphate. We are making 
pure ammonia; and in the process of doing so, we have had con- 
siderable trouble with the extraction of some of these other sub- 
stances. I think he would find there is about 1 to 1} p.ct. of 
basic substances other than ammonia-volatile bases in the am- 
moniacal liquor—1 to 1} p.ct., of the total ammonia. In looking 
at the economic balance Mr. Braidwood has made, the thing that 
strikes one is the exceptional moisture content of the coke—over 
15 p.ct. in the first test. In another table, he gives the moisture 
content of the coke fed to the producer in the same test as 1°52 
p.ct. Do you water the coke after it leaves the retorts, Mr. 
Braidwood? [Mr. Brarpwoop: We do.| Well, you are making 
quite a revenue out of the water-works department. [Laughter.| 
Mr. Brarpwoop: Referring to Mr. Carpenter’s question regard- 
ing the strength of the ammoniacal liquor, it is pretty much re- 
duced; but with breeze at 5s. per ton, we are not greatly con- 
cerned about that. He is also correct with regard to his ideas 
concerning costs. Our cost of ammonia when we are making 
70 therms per ton is very much lower than when we are making 
higher yields in therms per ton. Mr. Smith and Mr. Belton both 
referred to the moisture in the coke. We pay for from 15 to 
16 p.ct. of moisture in the coal, and being Scotch we consider we 
ought to get it back again. [Laughter.| 
The PresipENnT: With interest. {Renewed laughter.| 
Mr. Braipwoop: Regarding Dr. Parker’s point as to whether 
we arereally getting all the steam into the retorts, there is a cer- 
tainloss at the doors; but these retort mouthpieces are very well 
fitted, and we certainly do not lose much in that way, though, of 
course, we cannot tell exactly what we are losing. The steam- 
meters were found to be correct to within 3 p.ct. Of course, the 
paper is a practical one; and I will not attempt to deal with it on 
theoretical lines. As you will see, our aim and object was to get 
our.therms into the holder at the cheapest possible cost ; and if 
we can do that, on practical lines, we are quite prepared to leave 
the investigation of the theoretical part to the Fuel Research 
Board, and other professors and doctors. Mr. Belton has made 
reference to the fact that our bottom-chamber temperatures were 
not sufficiently high to make good water gas. This is so. Our 
bottom-chamber temperatures are in the region of 1100° or 
1120° C.; but we must also keep in mind that our top-chamber 
temperatures are about 750° C. I think it would be rather 
dangerous to work with a top-chamber temperature of 750° C., 





Separators. If you have these, you have the advantage of less 
leakage of ammonia. 


and increase the bottom-chamber temperature to 1200° or 1300° C. 
There might be some trouble about the middle of the retort. 
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REPORT OF LIFE OF GAS-METERS JOINT COMMITTEE. 


THREE meetings of the Committee have been held during 
the year to deal with any special matters that have arisen. 
The report presented at the Annual Meeting of last year 
may be considered as concluding the general investigation. :| 
Therefore all that remains is to give a brief survey of the | 
work undertaken since the Committee’s inception. 


Research Committee, representing* the Institution of Gas 
Engineers and the Society of British Gas Industries, was 
appointed in October, 1914, not with any special reference 
to changes in gas practice arising out of war conditions, 


| 
Formation of Committee, 1914.—The Life of Gas-Meters | 
| 


of meters, such as had already become apparent. 
terms of reference were as follows: 


1) Effects of position of meters when in use. 
) Liquids in meters. 

3) Action of gas upon meters. ~ 

4) Decay of leather. 

5) Internal corrosion. 

6) Deposit on valve faces. 

(7) Naphthalene in meters. 

(8) Overdriving. 


As the war continued, there is no doubt that the in- 


fluence which it had upon gas practice, and the impoverish- | 


ment of materials generally,so aggravated the conditions 
as greatly to facilitate the work of the Committee in their 
ultimate findings. 

First Report, 1916.—The first report was presented to the 
Institution at the June Meeting of 1916, under the presi- 


dency of Mr. John Young, and took the form of a paper | 


read by Dr. R. Lessing, the Chemist to the Committee at 
that time. This report covered a great deal of ground ina 
preliminary way, and foreshadowed much of the work which 
followed. The examination covered various materials of 
construction—such as tinplates and other metals, samples 
of leather and leather dressings, and the various means used 
in fastening the diaphragms. Passing on to the action of 
gas upon meters, the Chemist dealt with changes in methods 
of carbonization and purification, and the corrosive effect 
of certain impurities in the gas in the presence of moisture— 
especially emphasizing the connection between limited 


scrubbing plant at the works and excessive repairs to | 


meters from the district. 


made as to action that might take place between con- 


Samples of meter liquor were | 


examined, and also valve deposits, and suggestions were | the Committee widened the scope of the investigations 


stituents of the gas and the oil used for dressing diaphragm | 


leathers. 


any special blame for possible corrosive action; and this 
was confirmed by the Committee in later reports, 


In reference to the effect of different gases | Mr. Taplay was appointed Chemist to the Committee, and 
on meters, carburetted water gas was exonerated from | 


investigations that much harm is done to meters by leaving | 


them exposed to the atmosphere with the connections un- 
corked. 


the Institution in June, 1917, under the presidency of Mr. 


| and averaged 8°8 years. 


damage by careless handling or from unsuitable atmospheric or 
other conditions. 


The length of time meters were allowed to remain in use 
without testing or repair varied from two to twenty years, 
Very tew statistics were forth- 
coming as to the behaviour of meters fixed in different loca- 
tions, but those who replied to the questions all admitted 
that “ outdoor positions and cellars were very detrimental 
to the life and accuracy of meters, while living rooms and 


| halls appear to be the situations in which they retain their 
a sing out I | accuracy of registration longest.” 
but with a general mandate to inquire into all the circum- | 


stances which might contribute to a shortening of the life | of meters out of use, and the maximum consumption allowed 


The | 


Further questions referred to the storage and treatment 


in relation to their rated capacity. To these, and other 
questions, the most divergent replies were received. Finally 


| the report quoted extracts from a number of letters giving 


opinions and suggestions from all over the country; and 
these were undoubtedly of great assistance to the Com- 
mittee in their subsequent labours. 

Third Report, June, 1918.—At the June meeting of 1918, 
it was reported that the activities of the Committee had 
been confined to a reference from the National Gas Council 
in regard to the Standard Guarantee Clauses for Meter 
Contracts, and to the consideration of a new scheme for 
reducing the number of meter sizes and the alteration of 
the basis for rating. The standard guarantee clauses 
drawn up were adopted by the Institution, and recom- 
mended to the National Gas Council for insertion in meter 
contracts; and the discussion of meter sizes and rating 
formed the basis of the new standard meter list which was 
subsequently issued by the Committee in 1922. 

Fourth Report, October, 1918.—At the special autumn 
meeting of the same year, under the presidency of Mr. 
Samuel Glover, papers were read by Mr. J. G. Taplay on 
the “ Corrosion of Dry Meters,” and by Mr. B. R. Parkinson 
on ‘“‘ Unaccounted-for Gas.’’ Both these papers arose out 
of a special investigation initiated by the Gas Light and 
Coke Company, and subsequently carried on by the Life 
of Gas-Meters Research Committee. It became apparent 
at this time that not only was the life of gas-meters affected 
by the nature of the gas passed through them, but the 
accuracy of registration would actually vary from time to 
time under the same influence; and this discovery gave 
fresh impetus to the work of the Committee. The idea of 
lubricating meters by an oil spray was introduced; and 


by including the internal corrosion of mains and services. 
By the courtesy of the Gas Light and Coke Company, 


a questionnaire was sent to about 60 undertakings, who 
had trouble arising from the presence of fine oxide dust 


: : : : | in high-pressure mains and district governors. 
Incidentally, it was mentioned at this early stage of the | ae : 


Fifth Report, 1919.—In May, 1919, an interim report on 
Internal Corrosion was presented by Mr. Taplay at the 


| Institution meeting, in which the idea that oxide dust found 


A. E. Broadberry, in which a brief account of work done by | 
the Chemist concluded that part of the investigation for | 
the time being, as the Committee had decided to suspend | 


chemical research until after the war. 


However, a ques- | 


tionnaire had been sent to the gas undertakings of the | 
United Kingdom, and a great deal of useful statistical and | 


other information gathered ; and this had been carefully 
examined and tabulated by Mr. F. G. Cockey for the Com- 
mittee. From the information obtained, one of the most 
notable items that may be recalled is the paucity of in- 
structions given by gas companies to their fitters in regard 


to the fixing, handling, and location of meters. The follow- | 


ing extract from the report is worth repetition: 


Printed instructions are issued by a number of corporations, | 
but by very few companies; and those of which copies have been | 
furnished are principally for the guidance of registered gas- | 
fitters, and are more concerned with specifying sizes of piping | 


and number of lights to be allowed than with any provision for 
the protection of the meters. A few exceptions should be noted, 
however, in which emphasis is laid on the fact that meters contain 


delicate mechanism, and should be treated rather as if they were | 


clocks than as if they were tin boxes. 
On the whole the replies seem to indicate that very little atten- 
tion is given to the position of meters or their protection from 


3 | on the district had its origin in the purifiers was discounte- 
Second Report, 1917.—A second report was presented to | ? r 


nanced, and the causes of corrosion were set out more con- 
cisely. The evils attending condensation of aqueous vapour 
were described, and, as a remedy, the spraying or vaporiz- 
ing of oil into the mains was recommendea. 

Sixth Report, 1920.—In June, 1920, the findings of the 
Chemist in the interim report were confirmed and amplified 
by the results of analysis of a large number of corrosion 
deposits, both fine dust and liquor. Examples were given, 
and the various chemical reactions were set out in tabular 
form in an appendix to the report. It will be useful to 
repeat the list of corrosive agents: 

(1) Hydrocyanic acid. 

(1a) Ditto in presence of ammonia. 

(2) Products of inter-action of carbon bisulphide and 

ammonia. 

(3) and (4) Oxygen and carbon dioxide. 

(5) Sulphur dioxide. (All the above in presence of 

water). 

(6) Dry carbon monoxide. 


Oxygen-and carbon dioxide play an essential part in the 
process of corrosion by hydrocyanic acid (except when am- 
monia is present), inasmuch as the HCN combines with 
iron after it has been converted either into hydrated ferrous 
oxide or into hydrated ferrous carbonate. Thus it would be 
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right to ascribe a universality of corrosive effect to oxygen 
and carbon dioxide (always in presence of moisture), while 
preserving the first place in degree of intensity to hydro- 
cyanic acid. 

During the year 1920 the Committee entered upon con- 
sideration of the proposed amendment of the Sales of Gas 
Act, and appointed a small sub-Committee, with Mr. F. W. 
Goodenough as Chairman. 
information and prepared a number of drafts for amending 
the Act of 1859. Subsequently they joined forces with the 
Association of Inspectors of Gas-Meters, who were working 
on similar lines. Jointly, they formulated the Rules which 
were accepted by the Board of Trade and adopted as the 
new Gas Meter Regulations, under section 12 of the Gas 
Regulation Act. 

Seventh Report, 1921.—At the Annual Meeting in the In- 
stitution in October, 1921, under the presidency of Mr. 
Thomas Goulden, a report was presented, briefly dealing 
with methods of purification in their relation to corrosive 
action on mains, services, and meters, and dealing specifi- 
cally with blue water gas and sulphur dioxide. The results 
of a questionnaire sent out on the subject of spraying meters 
and mains were tabulated and read, and the general opinion 
appeared to be favourable to this method of lubrication and 
preservation. In this report also was given a digest of 
American bulletins, and, im extenso, a copy of the new gas- 
meter regulations. 

Eighth Report, 1922.—At the Annual Meeting in June, 
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The PresipENT: Does any gentleman wish to discuss this 


| report? If not, I will ask Mr. Parkinson formally to move its 
adoption. 
Mr. Parkinson, in doing so, said: Mr. Taplay has been attacked 


| for putting HCN first in the order of corrosive agents. 


This sub-Committee collected | 


| fin the report were tabulated. 
| ‘appendix to the 1920 report. 





1922, under the presidency of Mr. Thomas Hardie, a report | 


was presented containing a final résumé of the whole ques- 
tion of internal corrosion of mains, services, and meters in 
relation to modern gas practice. A warning was given re- 
garding the effect of vaporizing certain spirits into the gas 
on the greases used in meter stuffing-boxes. The Committee 
had completed the work of compiling the new standard 
list of dry meters rated according to maximum (efficient) 


working capacity ; and this list, with an explanatory memo- | CO,. 


randum, was added to the report. 

Ninth or Present Report, 1923.—During the past year 
the services of the Chemist have been utilized in making 
final tests and comparisons of various materials used ir the 
construction of gas-meters. Now that production has be- 
come more normal, it is found that materials which had 
fallen off somewhat in quality under the stress of war 
conditions have improved, while certain substitutes that 
appeared likely to be of service have not proved to be suffi- 
ciently regular in quality to justify their general adoption. 

Some further work has also been done by Mr. Taplay in 
connection with the corrosion of purifiers and gasnolder 
sheets ; these matters arising incidentally out of the general 
question of internal corrosion both on works and district. 

Mr. Taplay’s chalk process for the removal of hydrocyanic 
acid from coal gas, which has been mentioned in pre- 
vious reports, has, in common with other processes of a 


I think I 
am largely responsibie for that. Right back in 1918 I said to Mr. 
Taplay: ‘“ What are the agents of corrosion? Let us put them 
in a nutshell, tabulate them, and arrangethem inorder.” I think 
at that time, when we were working under the shadow of war 
conditions, Mr. Taplay would have placed ammonia and CS, 
first; but as it is not usual in normal gas practice to pass 
ammonia forward into the mains, this would not be necessary. 
After some consideration, HCN was placed first. All the 
reaction equations applicable to each of the six agents as set out 
These were published in an 
One of the chemist critics to whom 
I-have referred—and I am alluding to the paper read by Mr. B. 
Richardson before the North of England Gas Managers’ Associa- 
tion, and Mr. H. E. Williams's article in the ‘Gas JourRNAL” 
for June 20, both very able contributions to the subject—appears 
only to have got as far in his reading as the 1919 report. It is 
irony that, just as the Life of Gas-Meters Joint Committee is 
winding-up, after five years of Mr. Taplay’s work, these chemists 
should come rushing along with their valuable and helpful 
criticisms. That is the way of the world. There is no serious 
divergence between Mr. Taplay’s equations and those of the 
other chemists. The deviation in conclusion appears to be 
this: All are agreed that primary corrosion is caused by 
O2, CO., and moisture. The critics say that HCN merely 
tacks itself on to the corrosion deposits as an accessory 
after the event. Mr. Taplay agrees to this, but adds that, in 
doing so, it liberates the CO, and water, for further mischief, and 
so the process is repeated rather than arrested. Let us suppose, 
for the sake of argument, that Mr. Taplay is wrong in describing 
HCN asa first-class agent of corrosion. Suppose we had confined 
ourselves to such common constituents as oxygen, CO,., and 
water. No one would have been interested. I remember Mr. 
Thomas Glover, of Norwich, speaking years ago, in the plainest 
terms, of the danger of excess oxygen in the mains with reference 
to corrosion; and others have spoken repeatedly of oxygen and 
But it falls flat. HCN is far more sensational. Now we 
are criticized for inscribing that on our banner. Everyone is 
alert and interested. There’is a fighton. All that remains is for 
Mr. Wallace Coop to give us a cartoon showing Mr. Taplay with 
his back to the wall and a phial of prussic acid in his hand. 


| Thus the corrosion problem will be solved. All these reactions 


| moisture. 


—I do not refer to the cartoon—take place in the presence of 
All are agreed on this. I have spoken and written re- 


| peatedly on the value of high pressure for getting rid of the water 


in the gas at the works—of pumping-up the gas a few pounds 
higher than required for transmission, condensing it, and then 
lowering the pressure into the mains. A number of installations 


| carry on in this way. Some, under what is known as the Helps 
| system, pump up to 25 lbs. (on a small scale), but transmit at only 


similar character, met with some difficulties when tried on | 


a large scale; as compared with the excellent working re- 
sults obtained on the small scale. » It is hoped, however, 
that these difficulties may be overcome. 

The personnel of the Committee has changed considerably 
during the seven years of its existence; the only members 
who have remained from first to last being. Messrs. Samuel 
Glover, W. E. Price, A. E. Broadberry, F. G. Cockey, and 
F. Templer Depree. Mr. Thomas Glover, of Edmonton, 


who died in 1922, took a keen interest and a prominent | 


part in the investigation, and his loss was much regretted. 
The Committee further desire to express their indebtedness 
to The Gas Light and Coke Company, who have generously 
allowed the services of Mr. J. G. Taplay and his staff, and 
the use of their laboratory. 


Mr. B. R. Parkinson introduced the report, from which he 
read extracts. 


| moved. 


5 lbs. Notraceof moisture can thus get into the mains ; and they 
are laid without syphons. Now, quite recently, I have been in- 
vestigating several of these very cases, where oxide dust in 
abundance has been deposited in high-pressure governors. The 
cases were mentioned to me by Mr. Donkin, with the very obvious 
suggestion that they appeared to disprove the theory so strongly 
advocated that no corrosion can take place when moisture is re- 
I have investigated these cases, and am convinced 
that no corrosion is taking place, but that the dust is that which 
was left in the pipes when they werelaid. My own plan of laying 
steel mains is to have them well brushed out before placing in 
position, and then to bring a circular brush along the interior of 
the main from pipe to pipe as laid. This might be considered 
enough ; but itisnot. After testing perhaps to 50 lbs. per sq. in., 
the last 5 lbs. of pressure is allowed to blow-out at the end of the 
main after the day’s work; and an astonishing cloud of dust will 
appear. This will always occur, even after the greatest care 
has been taken to clean the pipes previously; and how many 
mains are laid without these precautions, and perhaps after ex- 
posure to weather conditions, and children playing at the side of 
the road? It willtake years for this dust to clear out of the mains 
by the ordinary passage of gas to the a governors. 
I believe this is largely the explanation of dust in high-pressure 
mains. 


Mr. SAMUEL GLoveER: I will second the adoption of the report. 
The motion was carried unanimously. 
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BRADDOCK'S STATION GOVERNORS at BELFAST 


ONE 36-INCH, ONE 24-INGH, AND THREE 18-INCH. 


J. & J. BRADDOGK (.:5225%.25.0), Globe Meter Works, OLDHAM. 


Telegrams: “‘ BRADDOCK, OLDHAM.” National Telephone No. 815. 


THE GAS FIRE METER. 


A Boon to Hotel and Boarding House Proprietors. Neat and Compact. 
Measurement overall of Cabinet, 12 in, by 8 in. by 143 in, 


Let us quote and send a Sample. 


NEW. STANDARD PATTERNS SUPPLIED 
EX STOCK. 


WILLEY & Co., Ltd., Lighting Engineers, EXETER. 


Telephone: No, 182 Exeter, Telegrams : ‘* WILLEY, EXETER.” 
ALSO AT 


LONDON : MANCHESTER: LEICESTER: GLASGOW : 
89/95, Hertford Road, Saville Street, Rowsley Street. D. M. NELSON & CO., 
Kingsland, N. 1. Oxford Road. 20, West Campbell Street. 


North-Eastern Showrooms: Commercial Street, DARLINGTON. 
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MISCELLANEOUS NEWS. 


GAS REGULATION ACT APPLICATIONS. 


The following further notices have appeared in the ‘‘ London 
Gazette’’ with regard to applications to the Board of Trade for 
Orders under the Gas Regulation Act, 

Borough of Appleby. 

The maximum price now authorized in of the supply of gas 
by the undertakers is 5s. 1000 c.ft, ; and the price they have asked 
the Board of Trade to substitute for this.is 1s. 6d. per therm. 

It is also proposed that an additional charge of 1d. per therm should 
be autborized in respect of gas supplied through a prepayment meter. 
Blaenavon Gas and Water Company, Ltd. 

The maximum price now authorized in respect of the supply of gas 
by the undertakers is 5s. per rooo c.ft.; and the. price which they 
have asked the Board of Trade to substitute for this is 186d. per 
therm. 

It is also proposed that an additienal charge of 2d. per therm should 
be authorized in respect of gas supplied through a prepayment meter. 
Ellesmere Urban District Council. 

The maximum price now authorized in respect of the supply of gas 
by the undertakers is 7s. 6d. per 1000 c.ft.; and the price which they 
have asked the Board of Trade to substitute for this is 1s. 6d. per 
therm. 

It is also proposed that an additional charge of 2d. per therm should 
be authorized in respect of gas supplied through a prepayment meter. 

Horsham Rural District Council. | 

The maximum price now authorized in respect of the supply of gas 
by the undertakers is 7s. 1d. per 1000 c.ft.; and the price they have 
asked the Board of Trade to substitute for this is 1s. 9d. per therm. 

It is also proposed that an additional charge per therm—namely, 
one-third—should.be authorized in respect of gas supplied through a 
prepayment meter. 








Borough of Morecambe. 


The maximum price now authorized in respect of the supply of gas 
by the undertakers is 4s. 6d. per 1ooo c.ft.; and the price they have 
asked the Beard of Trade to substitute for this is 14'4d. per therm. 

It is also proposed that an additional charge of 1°2d. per therm 
should be authorized in respect of gas supplied through a prepayment 


meter. 
Skegness Urban District Council. 
The maximum price now authorized in respect of the supply of gas 
by the undertakers is 6s. 4d. per 1000 c.ft.; and the price they have 
asked the Board of Trade to substitute for this is 1s, 6d. per therm. 








It is also proposd that an additional charge of 13d. per therm should 
be authorized in respect of gas supplied through a prepayment meter. 


Wokingham Corporation. 

The maximum price now authorized in respect of the supply of gas 
by the undertakers is 5s. 6d. per 1000 c.ft.; and the price they have 
asked the Board of Trade to substitute for this is 1s. 3d. per therm. 

It is also proposed that an additional charge of 2d. per therm should 
be authorized in respect of gas supplied through a prepayment meter. 





SPECIAL ORDER. 


Hyde Gas Company. i 
Notice is given by the Company of their intention to apply to the 
Board of Trade for a Special Order under section 10 to enable them to 
utilize additional lands for gas-works purposes, to raise further capital 


to regulate the supply of gas, and to establish a profit-sharing scheme. 





DECLARATIONS OF CALORIFIC POWER. 

Abertillery Urban District Council.—430 B.Th.U. (July 1.) 

Bradford-on-Avon Gas Company.—500 B.Th.U. (July 2.) 

Eastbourne Gas Company.—500 B.Th.U., in substitution for 475 
B.Th.U. (Oct. 1.) 

Horsham Gas Company, Ltd.—450 B.Th.U. (Oct. 1) 

Nantwich Urban District Council.—400 B.Th.U. (July 1.) 

Rotherham Corperation.—500 B.Th.U. (July 14.) 

Sedbergh New Gas Company, Ltd.—500 B.Th.U. (July 1.) 

Swinton and Mexborough Gas Board.—500 B.Th.U. (July 1.) 

Titchfield District Gas Company.—475 B.Th.U. (June 30.) 
ject” and District Gas and Coke Company. — 450 B.Th.U. 

une 30. 


tin 


GAS REGULATION ACT ORDERS. 








We have received from the Director of Gas Administration copies 
of the following further Orders made by the Board of Trade under 
section 1 of the Gas Regulation Act. 


Abertillery Urban District Council. 


After the declared date, the maximum price in respect of gas supplied 
by the undertakers shall be 17°8d. per therm. (June 25.) 


Boston Gas Light and Coke Company. 


After the declared date, the maximum price in respect of gas supplied 
by the undertakers shall be 17d. per therm. (June 22.) 


Nottingham Corporation. 


After the declared date, the following amendments in the Schedule 
tothe Nottingham Gas Amendment Act, 1858 (21 Vict. Ch. ix.) shall 
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Havelnstalled CORTSpatent ANTI-DIP VALVE 


















We give below the names 


THE search for increasing efficiency in carbonising 

plant:-has led to many inventions. One that has 
been proved outstanding in efficiency is Cort’s Anti- 
dip Valve, because it removes all the causes for 
objection expressed in regard to other tried plant or 
apparatus. 


) oa Fy wat The fact that it is used in over 100 gas-works, in- 
| hoe tides deeteliied’ <= cluding some of the largest concerns in the country, 
Beckton Deshoroin speaks for itself. 
noe Sowers Cort’s Anti-dip Valve satisfies every requirement for 
Aldershot mn the particular purpose for which it is intended. 
Cambridge Pembroke 1. A substantial increase in 5. It is extremely simple in 
Knowle Dock therms and “make per construction, and certain 
Glastonbury Wakefield ton” are assured. in action, all working 
Pacmag Colchester 2. Each retort is indepen- parts being out of the 
Pore ~~ er wl dently under control. path of the foul gas, 
Weston. Woolton 3. Trouble with stopped &e. wa 
: smjeriiites Dancaner pipes eliminated. 6. sine Ideal Dip Pipe where 
Se =e o* A . Peter- Romford 4. No pressure on the re- rhe “on mains are not 
Anti.Dip Valve | borough Aberystwyth torts exists as the appara- BUSS. 
in sealed posi- : Newark Hertford tus permits working under 7. Mistake proof in opera- 
tion. : Willenhall &c. level gauge conditions. | tion. 


We shall be pleased to forward full particulars on application, 


ROBT. CORT & SON, L™: 


Engineers and Ironfounders, 


READING. 
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have effect. The quantities 120, 240, 480, and 960 therms respectively 
shall be substituted for the quantities 25,000, 50,000, 100,000, and 
200,000 c.ft.; and the prices of 8°8d., 8°6d., 8°4d., 8d., and 7°8d. per 
therm respectively, shail‘be substituted for 3s. 64d., 3s. 5¢d., 3s. 4d., 
38. 23d., and 3s. 14d. per 1000 c.ft. mentioned therein. (June 23.) 


Rotherham Corporation. 


After the declared date, the maximum price in respect of gas sup- 
plied by the undertakers shall be ro 8d, per therm. (June 22.) 


Silsden Urban District Council. 


After the declared date, the maximum price in respect of gas supplied 
by the undertakers shall be 16d. per therm. 4 

After the declared date, the price of 14:8d, per therm shall be sub- 
stituted for the price of 4s. per 1000 c.ft. mentioned in Article XX VII. 
(application of gas revenue) of the Silsden Gas Order, 1902. 

Afier the declared date, the price of 164. per therm shall be substi- 
tuted for the price of 4s. 6d. per 1000 c.ft. mentioned in Article 
XXVIII, (charges of carrying Order into execution) of the Silsden Gas 
Order, 1902. (June 25.) 


<i 
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THE NORTH-EAST COAST COAL TRADE. 





From Our Own Correspondent. 


As is usual during “ Race Week,” Newcastle Exchange has been to 
such an extent in holiday mood that the market has hardly been 
tested. Morning sessions only have been the rule; and the sparse 
attendance of members have devoted their attention mainly to routine 
business. 

There have, however, been sufficient indications of inquiry for future 
business to keep the undertone steady, at any rate in coking and gas, 
while even steams show signs of firming-up for the second half-year. 

Continental stocks are reported to be getting low again. German 
public utilities probably have supplies in hand for another two months ; 
but, with the exchange at the present rate, it is hardly to be expected 
that they will be able to buy for any long period at a time when they 
do.come on again. 

Best qualities of gas are holding firm to a 30s. quotation for all posi- 
tions, and mostly refusing business rather than discount this price. 
Seconds are 27s. to 28s. f.o.b. 





YORKSHIRE AND LANCASHIRE COAL TRADE. 





From a Local Correspondent. 


There is little alteration to report in regard to the coal trade in 
Yorkshire and Lancashire. Gas coal is selling under contract at prices 
from 1s, to 1s, 6d. per ton advance on last year’s figures. The lull in 
regard to inquiries for shipment abroad continues ; and, at the moment, 
the Germans are not buying. The industrial trade appears everywhere 
to be on the quietside. The demand for household coal has declined, 
though producers generally are remaining firm in regard to prices. 
For stocking purposes, some best qualities are to be had in Yorkshire 
at a slightly discounted rate. Export prices from Yorkshire last week 
were: Best South Yorkshire hards, 27s. ; Hartleys, 24s. to 25s. ; South 
Yorkshire washed doubles, 27s. to 27s. 6d. ; singles, 27s. ; dry doubles, 
23s. ; South Yorkshire rough slack, 19s. ; gas coke, 33s. 6d.; furnace 
coke, 40s. to 40s. 6d. per ton; all f.0.b. Hull, 

In Lancashire, the collieries maintained prices at 33s. per ton for 
best house coal, and 26s. to 28s. for secondary. Industrial coal was 
quoted at 20s, to 22s. per ton; slacks, 13s. to 15s.; washed slacks, 17s. 





COAL TRADE IN THE MIDLANDS. 


From a Local Correspondent. 


It is stated by those who have a wide view of the market that the 
new contract prices for gas coal show a mean advance nearer 2s, than 
1s, 6d. Terms have been reached in most cases with the minimum of 
friction. Some engineers have shrunk from the increased expenditure 
entailed by the market advance, the position being very awkward in 
view of the expectations which the public have formed of cheaper gas. 
It has been sought to circumvent the fates by buying the cheaper 
grades of coal in increased proportion. In this way undertakings have 
cut down their average advance to perhapsod. ‘' Economies” of this 
sort are, of course, more apparent than real. The general view is 
that it is quite as important to consider the products from a given coal 
as the price paid for it. 

Taken all round, the size of the newcontracts is about on a par with 
that of the old. Some of the undertakings in this area (Hereford and 
Gloucester being cases in point) have effected a substantial reduction 
in their coal consumption by the installation of water-gas plants ; but 
the general level is maintained. It is calculated that the effect of 
recent selling prices on the wages scale will tend to off-set the deteriora- 
tion in the market for manufacturing and household coals. Compara- 
tively little is being done in restocking the cellars of domestic con- 
sumers. 

Furnace coals are rather easier. There are agood many small spot 
lots on offer. Inacase which came under notice, 28s. at the ovens was 
quoted ; but this was exceptional. 


_ 
= 


Proposed Reduction in Price at-Hereford.—The Gas Committee of 
the Hereford City Council have recommended that the price of gas 
from June 24 be reduced from 4s. 6d. to 4s. per 1000 c.ft., and also 

© that the present rebate of 9]. per 1000 c.ft. made to prepayment-meter 
consumers be increased to 1s. 3d. The Committee further recom- 
mend the Council to increase the salary of the Gas Manager (Mr. 




















A. Roberts) from £350 to £450 per annum. 











The Victory Prepayment Meter is now advertising itself, 
so we are bringing to your notice our 


All Sizes 
For all Purposes. 


Enquiries Solicited. 








SAWER & PURVES 


MILES PLATTING, RADFORD ROAD 


MANGHESTER. - NOTTINGHAM. 


45 & 47, Westminster Bridge Road, 


LONDON, S.E. 


3289 (City) MANCHESTER. 
Telephone Nos. { 2025 (Central) NoTTInGHAM. 
2412 (Hop) Lonpon. 
* SaweR MANCHESTER.” 
Wires } | SAWER NoTTINGHAM.” ; 
: r MeEtTRIQuE Lams Lonpon." 
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STOCK MARKET REPORT. 





Tue dulness-which had weighed so heavily on 
markets in the week before. was not wholly dis- 
pelled at the opening of the Stock Exchange 
last Monday, though it appeared to be weaken- 
ing. The restoration of calm proceeded, and 
by Wednesday the tone was. fairly cheerful, 
with @ rally in several quarters, Home Govern- 
ment issues conspicuously. But on Friday 
there was some reaction, and gilt-edged com- 
modities suffered. Home Rails moved irregu- 
larly ; but Argentine were steady. The Foreign 
Market was very sensitive to change. 





Business in the Gas Market pursued the even 
tenor of its way under no pressure, and the 
general tone was quite satisfactory. Several 
quotations underwent a little variation; but 
more than half of them were merely ¢% div. quo. 
tation adjustments, and these were favourable. 

The following transactions in gas during the 
week were recorded: On Monday, Alliance 
and Dublin 744, 75, 754, Gas Light ordinary 
99%, 99%, 100, 1004, ditto 34 p.ct. maximum 68}, 
ditto 3 p.ct. debenture 62, 63}, Imperial Con- 
tinental 162, 1624, Malta and Mediterranean 





38, 33, Primitiva 8s., ditto 5 p.ct. preference 
373., South Metropolitan 993, 99%, ditto 6} p.ct. 
debenture 1064, Tottenham “A ” 124, 125, Bri- 
tish (Hull) 34 p.ct. debenture 69, 69%, 70, ditto 
4p.ct. debenture 78, 783, ditto (Norwich) 34 p.ct. 
debenture 69, 69$, ditto (Trowbridge) 3} p ct. 
debenture 69, 697, Malta and Mediterranean 
7 p.ct. preference 88s. 94., 90s. On Tuesday, 
Alliance and Dublin 744, ditto 4 p.ct. deben- 
ture 644, Gas Light ordinary 993. 100, 1co}, 
100}, ditto 34 p.ct. maximum, 673, 68}, Im- 
perial Continental 163, Oriental 100, 100}, 
Primitiva 5 p.ct. preference 36s.. South 
Metropolitan 983, 99, 994, 994, 99%, South 
Suburban 104, 1043, Wandsworth ‘*'C” 1023, 






























































ANTE-WAR PRICES AND DIVIDENDS, LATEST DIVIDENDS, AND LAST WEEK’S TRANSACTIONS. 








British ‘“‘B’’ 12%, ditto (Potteries) 3 p.ct. 
debenture 59, ditto 3} p.ct. 69, ditto 4 p.ct. 78. 


























as - Oo Wednesday, Bombay 54,, 58, Bournemouth 
When 333) ~3 Closing — ‘*B” 124, 128, British 123, Commercial 3 p.ct. 
Issue. |Share. ex- 43g 42 NAMB. sap as freed Highes: | debenture 62, Gas Light ordinary 99§, 903. 
Dividend. | $5 y| “5 ame ’ ‘ Prices of | 100, 100}, 100}, ditto ro p.ct. bonds 190, Im- 
Transactions. | perial Continental 162, 1634, Liverpool 7 p.ct. 
ree 103 poo! 7 p 
a Wl ne preference 107}, Primitiva 7s. 6d., 8s., ditio 
131,978 | Stk. | Feb. 22 ca 5% Altenhot 5 p.c. me. Ci ‘ 74-79 ae 5 = ane af 6 a gwen got; 
190,492 | » ” a 4% oo 4 2& wy 45; ° 993, 99%, ditto p.ct. debenture 107. On 
1.531868 |» fe. 3 at | 5% =e © ae | a 7373 | 7-4—754 | Thursday, Brentiord ‘‘A'’ 104, Brighton and 
syeone | "5 | Mav tz | 4¢.| 472 | Bombay, bel”. . | sib 5—5t | syi—st | Hove original 178, ditto ‘‘A’’ ordinary 133}, 
100,000 3 | Feb. 22 | 16 $/- Delis. p.c. « oe 12—13 wee British 123, ditto ‘‘B’’ 113, Continental Union 
383,110 | 10 ” 7 7/- | mouthGas{ p.% Pe) Re Baa A t2t—124 | 304, 40, 41, European 8%, Gas Light ordinary 
2 pogl ES 6 oe and Water { ,"D.. ce +.” 72-77" - 994, S9%. 100}, 100}, ditto 34 p.ct. maximum 
goaogy | Stk. | Feb. 22 | xq | 64/2 | Brentford A Consolid. .| 261—266 102—107 104 677, ditto 3 p.ct. debenture 634, Imperial Conti- 
734,920 |» ae II 61/3 Soy ; gg . =e A yay “ nental 162, 163, Lea Bridge 100, 102, Primitiva 
pent m heist ba : 5% 3 Pe Deb. pa 77—82 5 p.ct. preference 35s. 6d , ditto 4 p.ct. deben- 
214,775 |» Mar. 8 | rr hy Brighton & Hove Orig - | 208—213 175—180 178—179 | ture 744, 74%, South Metropolitan 98%, 100, 
244,200 |.» “ 8 8 & Do. A Ord. Stk. | 154—159 130—135 | 1334-135 | ditto 64 p.ct. debenture 1073. On Friday, 
1,272,500 =. a. ee sf — $ P.c. Max. + » ie x ae, A si§n-0ag Bombay 5;%;. 58, Bradford '* A” 104, Brighton 
— a | at ey o. 9 ae ms 113—123* E and Hove original 179, ditto ‘* A” ordinary 135, 
120,000 | Stk. 5, 4 4 De. p.c. Deb. Se. —- 7 British 123, Continental Union 7 p.ct. prefer- 
20,% ” a uenos 4 p.c. % — ~ : 
moon to | May 17 = = Cape Town & Dis., Ltd. 14—24 —7t a 73s _— oe tee Light ordipary 994, 
100,000 to | May 3 — | 4/6 44 p-c._ Pref 4-6 6—7 99$. 1004, Imperial Continental 33 p.ct. de- 
100,000 | Stk. | June 28 4k | 48% Do h p.c. Deb. Stk 70—75 70-—~75" benture 77, Primitiva 5 p.ct. preference 36s., 
nf ie gee ME BAL 2 Coeeter’s s Ora. . | 108—z70 ee ditto 4 p.ct. debenture 743, 74%, South Metro- 
ae 2 i's 3} le er C dial 4 p.c. Stk. | 106—108 97-100 politan 99, 99#, ditto 64 p.ct. debenture 106%, 
560,000 | » » st 60 Do. 3 Re 103—105 97—100 . 107, Tottenham ‘'B” 105, Swansea 5 p.ct. 
475,000 ” — ™% 3 3 Do. 3 p.c. . Stk. 71% 56—61 62 maximum 854. 
conene * 7 7 4 4% Caan Lae. tas a soba In the Money Market there was naturally 
scones ” ion, 24 crovd aie. 52 103—106 great activity owing to the requirements at the 
284,975 x — ; Do. max.div. . . oe 83—86 close.of the half-year. For the most part the 
492,270 | Stk. => 6 14 Derby — “ae ——s 2 available supplies were far in excess of de- 
a oe ae + : Bast Hull 5 p.c. max. . as ke 57 mands, but at the close of the week the posi- 
:,002,180 10 an. 25 | 10 s/o | European, Ltd. . » -| 17§—18 84—94 &4—8} i\ion was rather in the opposite direction. Dis- 
16,546,120 | Stk. eb. 8 |4/17/4| 52/- se 4 pe. hg ts °° a ay i fag count rates hardened and continued very firm. 
— * - y 33 Light : p.e. Con. Pref. | 96—99 81 —83 Silver hardly moved at all, and closed—as it 
iyer.930 | « June 14 ; 3 mos | p.c. Con. Deb. | 724—748 61—64 62—63 | bad opened—at 31}. The Bank of England 
Dec. Coke | 10 p.c. Bonds . oe - 190 rate was 3 p.ct., as fixed on July 13 last year 
m 5 
” ” . 3% p.c.| 87—89 . 
= to | May 17 2 soit Hongkong & China, Ltd. | 16j—16$ 15—16 
86,600 | Stk. | Mar. 9 wie —— jaa a oa = A 6a. 163) 
1,976,000 ” May 31 9 17 mperia! en +, | rg0—t 162—163 
, | Feb. 8 Do. .c. Deb, Red’ | 84—86 76—78 7 
zeae) | ES | fy | | Braces | EIS | GS | Ce’ |GASHOLDER AND TANK CON- 
i a 1 e' oe oo ee rr 
‘ee | | Bee |S Te | ate «| = | SE] lerouerigy ar 7 
165,736 ” Feb. 22 | 7/5/6| 80/- | Maidstone 5 p.c. +4 ee 28 veo -_ ‘ A HE SUTTON 
63,480 June 28 —_ % . gp.c.Deb . ee 52—57 oa 
oy 5 | june 14 6 ; 16 — S terranean | 44—4# 3t—4 3i—s3? 
100,000 | 100] Apl. 5 4h | 48% ~ 4% p.c. Deb. 99—101 97—100 és 
Stk. | M Monte Ltd. . 11,—12 57—62 = 
dome |™ | we 2 | [ae [Mamie] ais |e CAS-WORKS. 
250,166 | »» ee ; a s et ae be--ts om 
” e ! e 2 -_ 
ni oo eB sbi North Middlescs 10 p.c. ie a 1,000,000 cubic feet capacity. 
10 % as 7 p.c. 14-15 12— eee 
ooukes Stk. May ° 7ttsle be tiental, Ltd. + « ons —a88 97—102 100—100} —— 
188,120 Stk. June 28 —_ 78/9 Plym’ th & Stonh’se 5 p.c. oe mt ose 
Sree tis ie ee eee | oe | By F, SOUTHWELL CRIPPS, 
290.0 5 a 8 pad Primitiva Ord. . « » 5¢—6 7/6—8/- 
on 3 = . ~= Do. 5 p.c. Pref. . 5 13-2 35/6—37/- —= 
521,600 | 100 June 1 4 4 Do. 4p.c. Deb, . 9I—93 70—73 744—745 
600,000 | Stk Jan. 25 4 4 in ee IgII on 57—60 ion Price 10/6 net. 
346,198 |» June 28 River Plate 4 p.c. Deb. 85—87 56—59° 
150,000 10 Mar, 22 é 7 San Paulo {¢ p.c. Pref. a si—6t 
tason0 | 2°) Jsly 3 | 3 | 3h | suet a2", e s| stgmeey | rog—s08 
— Mar, 22 = : Do. : : - : s93—224 104—106 WALTER KING, Lro., “Gag JounnaL”’ OFFICES, 
522,500 | oo os i ro | § a 9 ftp 104—106 No. 11, Bolt Court, Fuxer Sraeer, B.0, 4. 
I »201 it. e' . . ee ee 
a ro May 3 ~ $f South African ss + | rOh—rIh 8—10 i 
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Meee toe hs te Do. p.c. Deb... | 72}—748 | 63—65 = 
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91,500 |  o» Feb. 22 8) South Shields . Stk. | 157—159 129—131 Demy 4to, Limp Cloth. Price 10s, 6d, 
1,087,795 |» 6 $’th Suburb’n Ord. 5 p.c. | 114—116 103—106 104—-1043 
368,837 | 4, June 28 5 5 . § p.c. Deb. Stk. | 1r16—118 93—98* ke 
tie | 2 | Wit | 3 | He | wBlantiSagremts) “mise | Bae F GASES and 
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ase al _ 3 os A} Swansea ‘7 p.c. Pref. Stk. 103—I05 THE FLOW 0 an 
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782,275 | :. 6 64 otteabam {8 34 Pc. «| IIS—117 102—107 105 
181,255 | unete | 4 | a | Dutt p.c. Deb, | 87—89 sndied PROPORTIONIN ’ 
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don, and i 
30,000 | , Feb. 22 8 87/6 Wandsworth As p.c.,| 151—156 130—I35 By 
255,636 a ‘ af 92/6 ~ Pe. | 129-134 pe We _ 
108,075 | . — 183 REE i le ing tonto, | os | F, SOUTHWELL CRIPPS, Assoc.M.Inst.C.E, 
$52,000 | ,, “ 63 | 68/9 Wimbiedon 5 p.c. » » | 4117-122 112—117 
98,000 o * 64 | 73/9 Epsom + p.c. « s « 121—126 115—120 —_— 
88416} ,. | June28 | 3 $s 3 Po sales 57—60* WALTER KING, Lrp., “Gas JounnaL” OFzicEs, 


















































No. 11, Bolt Court, Famer Stazet. B.C.4. 
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TRADE NOTES. 





Stanton Pipes. 


When we received the recently published literature concerning 
the Stanton spun iron pipe, which is manufactured under licence 
from the International DeLavand Corporation, Limited, we were 
under the impression that it was the catalogue of an art dealer. 
It is delightfully prepared—and this word is used advisedly—and 
contains information which is-certain to be of interest to readers of 
the “Journau.” The publication, which may be obtained from the 
Stanton. Ironworks Company, Ltd., of Nottingham, contains the 
standard specification for pipes for water, gas, and sewage. There 
is also a section dealing with the Stanton Hume concrete pipe. 

The Turbine Furnace for Cochran Boilers. 

The Turbine Furnace Company, Ltd., No. 2388, Gray's Inn Road, 
W.C.1, draw our attention to the fact that many engineers of small 
gas-works may find a solution to some of the difficulties met with in 
applying an efficient furnace to Cochran vertical boilers by the adop- 
tion of the Turbine furnace, which, we are told, gives excellent results. 
Full particulars will be supplied to all desirous of obtaining informa- 
tion, on application at the address given above. 


Dempster Verticais at Swindon. 


From Messrs. Robert Dempster and Sons, Ltd., we have received 
a profusely illustrated booklet descriptive of the installation of con- 
tinuous vertical retorts recently erected at Swindon for the Great 
Western Railway. The latter ranks as one of the most substantial, 
fastest, and smoothest travelling lines in the world; and it is signifi- 
cant that they should add to their engineering works at Swindon one 
of the most modern installations of coal carbonization, to serve them 
with gaseous energy. The whole scheme conprises a carbonizing 
plant of 3,000,000 c.ft. per day capacity,.coal and coke handling 
plants of capacities of 100 tons and 50 tons per day respectively, 
coke screening and washing plant, and a plant for briquetting breeze, 
together with three electric generators gas-driven by engines of 
225 H.P. The plant is the largest private installation of vertical re- 
torts in the world. , 


tian 
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CURRENT SALES OF GAS PRODUCTS, 








Tar Products in the Provinces. 
July 2. 
There has been a great improvement in the price of pitch during the 
past week. There have been inquiries for prompt delivery, which, of 
course, it is impossible to fulfil owing to the difficulties of shipment ; 
while there are also inquiries from the Continent for September- 
December and October-March. On top of this there appears to have 





been some covering, on the part of dealers, of sales previously made. 
Not much business has been reported ; but quotations have been 
advanced all round from ros, to 15s. a ton. Creosote is firm, with 
rather more inquiry ; and it is evident that the demands of the English 
railway companies are increasing. Refined products remain quiet, 
and, in some cases, difficult of sale. se 

The average values for gas-works products during last week were : 
Gas-works coal tar, 82s. to 87s. Pitch, East Coast, 135s. to 140s. 
f.o.b. West Coast—Manchester, 132s. 6d, to 137s. 6d.; Liverpool, 
1338. 6d. to 138s. 6d.; Clyde, 133s. 6d. to 1383.64. Benzole 90 p.ct., 
North, 1s. 54d. to 18, 64d.; crude 65 p.ct, at 120° C., 11$d. to 1s. 
naked at makers’ works ; 50-90 p.ct., naked, North, 1s. 7d. to 1s. 7$d. 
Toluole, naked, North, 1s. 7d. to 1s, 8d. nominal, Coal tar crude naph- 
tha in bulk, North, 8d. to 8d. Solvent naphtha, naked, North, 1s, 34d. 
tors, 5d. Heavy naphtha, North, 1s. 54d. to 1s. 7$d. Creosote, in 
bulk, North, liquid, 8d. to 8}d.; salty, 7#d. to 8d.; Scotland, 63d. to 
734. Heavy oils, in bulk, North, 8d. to 9d. Carbolic acid, 6o p,ct., 
38. 4d. to 38. 5d. prompt. Naphthalene, {15 to £16; salts, £6 to £8, 
bags included, Anthracene, “A” quality, 4d. per minimum 40 p.ct., 
purely nominal; “B” unsaleable, 


ae 


SULPHATE OF AMMONIA PRICES. 











July and August. 


In a circular-letter addressed to fertilizer manufacturers, &c., the 
British Sulphate of Ammonia Federation, Ltd., announce that they 
are prepared to sell sulphate of ammonia for home agricultural pur- 
poses (the contracts will contain a clause that it shall only be so used), 
for July and August delivery, at £14 15s. per ton for neutral quality in 
fine friable condition, free from lumps, basis 253 p.ct. ammonia, 
delivered to consumer’s nearest station or wharf in Great Britain, for 
prompt cash payment, in lots of 4 tons and upwards. Limited quan- 
tities of ordinary quality will be available in some districts, and will 
ba sold at 23s. per ton less than the above price, basis 25} pct. 
ammonia. 

The Federation point out that the unit value of nitrogen in the price 
stated for neutral quality is about 14s., and corresponds to a price of 
about {10 18s. per ton for nitrate of soda. When the price of nitrate 
is £12 per ton at British ports, sulphate of ammonia is worth well over 
£17 per ton delivered. Taking into account the higher content of 
nitrogen, the greatly improved mechanical condition, and the inclusion 
of delivery charges, the Federation's prices are, they say, now under 
pre-war figures, and, they believe, below prices for all other forms of 
nitrogen. The prcduction of neutral sulphate of ammonia has in- 
creased ; and they expect that the bulk of their deliveries will hence- 
forward be of neutral quality. But they reserve to themselves the 
option of delivering ordinary quality in some districts, subject to the 
allowance in price stated. 








NOTICES TO CORRESPONDENTS, ADVERTISERS, AND SUBSCRIBERS. 


No notice can be taken of anonymous communications. 


Whatever is intended for insertion in the‘ JOURNAL” must be authenticated 


bv the name and address of the writer—not necessarily for publication, but as a proof of good faith. 


COPY FOR ADVERTISEMENTS for the “‘ JOURNAL”? should 
be received at the Office NOT LATER than TWELVE O’CLOCK 
NOON ON TUESDAY, to ensure insertion in the follewing day’s 
issue. 


Orders to Alter or Stop PRRMANENT ADVERTISEMENTS should 
be received by thc FIRST POST on Monday. 


UNDISPLAYED ADVERTISEMENTS; Situations Wanted, Six 
Lines and under (about 36 words) 3s. ; each additional Line, 6d. Situa- 
tions Vacant, Apparatus Wanted and for Sale, Contracts, Public 
Notices, &c., 9d. per Line—minimum, 4s. 6d. 


Telegrams: ‘‘GASKING, FLEET LONDON.” 





TERMS OF SUBSCRIPTION to the “‘ JOURNAL.” 


ONE YEAR. HALF-YEAR. QUARTER. 
United asi ie Rate: 35/- oe 18/- oe 10/- 
Kingdom } Credit Rate : 40/- ee 21/- “s 11/6 
Abroad (in the Posta Union) "i 
Payable in Advance } 40/ 22/6 We 12/6 


” 


In payment of subscriptions for ‘‘ JoURNALS ”’ sent abroad, Post 
Office Orders or Bankers’ Drafts on London only are accepted. 
All Communications, Remittances, &c., to be addressed to 
WALTER KING, LIMITED, 11, Bot? Court, FLEET STREET, 
Lonpon, E.C. 4. 


Telephone: Holborn 6857. 





OXIDE OF IRON. 











































OXIDE OF IRON J & J. BRADDOCK (Branch of Meters 


FOR SALE OUTRIGHT, OR ON LOAN. 


SPENT OXIDE 
PURCHASED IN ANY DISTRICT. 


GAS PURIFICATION & CHEMICAL CO., LTD., 
PauMERSTON HovsE, 
Oxtp Broap Street, Lonpon, E.C.2. 


“"7OLCANIC” FIRE CEMENT. 


Resists 4500° Fahr. Best for Gas-Works. 





AnpREW StrEepHENsON, Gresham House, Old Broad] & 


Street, Lonpon, B.C. ‘ Voloanism, London,” 





ULPHATE OF AMMONIA 
SATURATORS and all LEAD and TIMBER 
WORK in connection with Sulphate Plants. 
We Guarantee promptness with efficiency for Re- 
rs. 


JoserpH Taytor (Saturators), Lrp., Chemical Plant 
Engineers, Blackhorse Street Mills, Boiron. 


= Limited), Globe Meter Works, OnpHAM, and 
45 & 47, Westminster Bridge Road, Lonpon, 8.E. 1. 


WET AND DRY GAS-METERS, PREPAYMENT 
METERS, STATION METERS AND GOVERNORS. 


REPAIRS RECEIVE PROMPT ATTENTION, 
Telephones: 815 Oldham, and 2412 Hop, London. 


Telegrams— 
‘*Brappock,OLDHAM,”’ and “‘Merriqvz, Lams, Lonpon.” 





A MANUAL OF USEFUL TABLES FOR THE 
GAS ENGINEER AND STUDENT. 


Plow of Gas in pipes at all pressures. 
Sizeof main, Comparing high and low pressure. 
Storage in pipes and cylinders. 


Testing by gauge. 
Volumetric corrections. 


Copious .pressure notes, &c., 


C. 

See *‘ DISTRIBUTION BY STEEL” (Woodall and 
Parkinson), Seconp Epirion 15s. 94., Post Free, BENN 
Bros., Lrp , 8, Bouverie Street, Lonpon, E.C.4. 


SULPHURIC ACID. 
OHN RILEY & SONS, Limited, Chemi- 


cal Manufacturers, Hapton, near Burnley, are 
KERS of Special SULPHURIC ACID (‘ Eagle” 
Brand), for Sulphate of Ammonia Making. Highest 
percentage of Sulphate of Ammonia obtained from the 
use of this Vitriol, which has now been used for up- 








Telegrams—‘‘ Saturnators, Botton,”’ Telephone 848: 


SPENT OXIDE BOUGHT. 
ALE & CHURCH, LTD. 


88, St. Many at Hitt, Lonpon, E.C.3. 
Phone: Minories 1484, 
“TORTO” FIRE CEMENT. 


ALE & CHURCH, LTD. 


88, St. Mary at Hitt, Lonpon, E.C.3. 
Phone: Minories 1484. 
“KLEENOFF,” THE COOKER CLEANSER. 


Tins for Sale to Consumers. 
In Bulk for Works Use. 


ALE & CHURCH, LTD., 


88, St. Mary at Hitz, Lonpon, E.C.3. 
Phone: Minories 1484. 


EORGE WILSON GAS METERS, Ltd. 
for 
GAS-METERS, ORDINARIES, SLOTS, AND 
REPAIRS, 
Foleshill Road, Coventry. 

Telephone: 596. Telegrams: ‘‘ GasMETER,”’ 

. and at 268, Stockport Road, MancHeEsTER. 
Telephone: RusHoLme 976. Telegrams: ‘‘ GasmETER,” 

and 46 & 47, Auckland Street, Lonpon, 8.5. 11. 








wards of 60 years. Reference given to Gas Companies, 


Telephone: Hor 647, Telegrams: ‘ Gaszous Lams,” 
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